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MULTILAYER WIRING BOARD, METHOD FOR PRODUCING MULTILAYER WIRING BOARD,

POLISHER FOR MULTILAYER WIRING BOARD, AND METAL SHEET FOR PRODUCING

WIRING BOARD

(57) A plurality of multi-layer metal plates (1) each
being composed of a bump forming metal layer (2), an
etching stop layer (3), and a wiring film forming metal
layer (4), and in which a wiring film (4a) is formed from
the wiring film forming metal layer and a bump 2a is
formed from the bump forming metal layer are prepared,
and on a bump forming surface of a multi-layer metal
plate, a wiring film of another multi-layer metal plate is
overlapped. Such lamination process is repeated in suc-
cession for multi-layering. In addition, a polishing ma-
chine for multi-layer wiring board (11a) which includes
metal plate holding means (13) for holding a metal plate
(1a), cutter holding means (25) for holding a cutter (26)
above the metal plate, height adjustment mechanism
(20) for adjusting the height of the cutter holding means,
and cutter parallel moving mechanism (15) for relatively
moving the cutter holding means in parallel to the sur-
face of the metal plate is used to conduct polishing.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing a multi-layer wiring board and a metal
plate for forming the multi-layer wiring board, and more
particularly to a multi-layer wiring board manufacturing
method of manufacturing a high integration, high relia-
bility wiring board having a microvia to a metal plate for
forming a high integration, high reliability wiring board
having a microvia.

BACKGROUND ART

[0002] When high integration is to be obtained for a
wiring board, it is required that the wiring board is multi-
layered and connections between upper and lower wir-
ing films are minutely formed with high reliability. The
present invention responds to such requirement.
[0003] By the way, conventionally, there is a tech-
nique in which with respect to a multi-layer wiring board,
for example, a wiring board in which wiring films are
formed on both surfaces or in a multi-layer structure is
used as a base (hereinafter referred to as "a core board"
in some cases), an upper and lower wirings intercon-
necting hole is formed in the wiring board as the base
by, for example, a drill or the like, a plating film is formed
on the inner peripheral surface of the upper and lower
wirings interconnecting hole to use the plating film as an
upper and lower wirings interconnecting wiring film, a
silver paste or an insulating paste is embedded in the
upper and lower wirings interconnecting hole if neces-
sary, copper foil having another interlayer connection
bump on which an insulating resin is laminated, or cop-
per foil coated with a resin is laminated on both surfaces
of the wiring board as the base, itis drilled by using laser
light, and a via is formed by a plating method. This is
called a buildup method and is a multi-layer wiring board
manufacturing method that was used as a method of
increasing the integration of a board.

[0004] By the way, according to the above conven-
tional high-density multi-layer wiring board manufactur-
ing method, there is a problem that high integration is
difficult to achieve. This is because it is difficult to reduce
a size of the above upper and lower wirings intercon-
necting hole. When mass production and a yield are
considered, it is difficult in practice to set the hole size
to 0.3 mm or less in the core board and high integration
is limited by the existence of the upper and lower wirings
interconnecting hole having a relatively large hole size.
[0005] In other words, the upper and lower wirings in-
terconnecting hole itself occupies a portion of the core
board. Thus, when the hole size is large, this is a factor
for directly limiting the integration of the wiring board.
Further, the upper and lower wirings interconnecting
hole constitutes a factor for forcing other wiring films to
make a detour. Therefore, when the hole size is in-
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creased, this becomes a factor for increasing the
number of wiring films that are forced to make a detour
and also increasing the detour length of the detouring
wiring film, and indirectly limits the integration of the wir-
ing board.

[0006] Also, there were developed: a wiring board in
which one main surface of a wiring board forming metal
plate in which a plurality of metal bumps each having a
longitudinal cross sectional shape such as a cone shape
or a trapezoid shape are arranged in predetermined po-
sitions on the one main surface and which is made of
metal foil is covered with at least an insulating sheet
which is made of a synthetic resin and composed of an
interlayer insulating film having a thickness smaller than
the height of the metal bumps, so as to follow the shapes
of the above respective metal bumps, and one main sur-
face of the metal plate is polished so that a portion of
the above insulating sheet which covers the metal
bumps is removed to expose upper surfaces of the met-
al bumps; and the lamination manufacturing technique
therefore, and the developed technique was proposed
in JP 2000-334332 A. According to this, an insulating
sheet (insulating layer) as an insulating layer of a wiring
layer which is made of, for example, an epoxy resin, a
polyimide resin, a polyester resin, a bismaleimide tri-
azine resin, a polyphenylene ether resin, a liquid crystal
polymer, or the like, and a peeling sheet (first peeling
sheet) and a paper (second peeling sheet) which are
made of a synthetic resin or metal foil are prepared, and
are laminated on a bump formation side main surface
of the above metal plate by a plate vacuum thermal
press (thermal press). Thus, it is recognized that a pol-
ishing method allowing excellent mass production prop-
erty and a polishing machine used for the polishing are
required, and thus the polishing method and the polish-
ing machine has been devised as the embodiments of
the present invention. In other words, in a method of
manufacturing a wiring board in which one main surface
of a metal plate in which a plurality of metal bumps each
having a longitudinal cross sectional shape such as a
cone shape or a trapezoid shape are arranged in pre-
determined positions on the one main surface and which
is made of metal foil is covered with an insulating sheet
which is made of at least a synthetic resin and consti-
tutes an interlayer insulating film having a thickness
smaller than the height of the metal bumps, so as to fol-
low the shapes of the above respective metal bumps,
and one main surface of the metal plate is polished so
that a portion of the above insulating sheet which covers
the metal bumps is removed to expose upper surfaces
of the metal bumps, improved mass production property
of the polishing and a new wiring board polishing ma-
chine which is used for the polishing and capable of im-
proving the mass production property of polishing are
sought by the present invention.

[0007] Further, according to the metal plate, copper is
used for a row material. Thus, electrical connections are
provided through portions between the formed bumps
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and wiring films connected therewith by pressure weld-
ing of copper and a copper layer. However, with only
pressure welding, electrical connection is not provided
from the beginning, or even if the electrical connection
is provided, by an accelerating test in which long-term
usage is assumed, there is observed a phenomenon
such that a pressure welding surface is deteriorated, or
in some extreme cases, the electrical connection is lost.
[0008] The deterioration of the pressure-welding por-
tion is related to the hardness of the bump. Specifically,
copper oxide or other such coating film progresses due
to a phenomenon in which a resin composing an insu-
lating layer and other foreign matters such as, moisture,
hydrogen, and the like gradually penetrate into the pres-
sure welding portion, or the progress of oxidation on a
pressure welding surface between the bump and the
copper layer or the wiring film, so that a problem is cased
in that an electrical resistance value between the bump
and the copper layer or the wiring film is increased, thus
reducing the long-term connection reliability. Basically,
copper is very easy to oxidize and is a metal in which
copper oxide is formed on its surface by the oxidation.
Thus, when copper is used for electrical parts, for the
stability of the surface, it is common to impart specific
hardness to the surface or to perform predetermined
processing in advance.

[0009] Therefore, an object of the present invention is
to reduce an electrical resistance value between the
bump provided on the copper layer and the wiring film
made of copper foil or copper which is connected there-
with, to thereby provide good electrical connection and
also enhanced stability.

DISCLOSURE OF THE INVENTION

[0010] According to a manufacturing method of the
present invention, in order to provide an electrical con-
nection between upper and lower wirings, a bump
formed by patterning a bump forming metal layer of a
multi-layer metal board is used as upper and lower wir-
ings interconnecting means so that a conventional hole
formation is unnecessary. Thus, as compared with a
conventional case, the region of a portion required for
interconnecting upper and lower wirings can be ex-
tremely narrowed such that a diameter thereof is for ex-
ample 0.1 mm or less.

[0011] According to another manufacturing method of
the present invention, a lamination process is repeated
in succession for multi-layering in a manner such that,
on a bump forming surface of a multi-layer metal plate,
a wiring film forming surface of another multi-layer metal
plate is overlapped. Thus, the number of layers of the
multi-layer metal board can be arbitrarily increased ac-
cording to the number of repetition of the process and
a wiring board with very high integration can be provid-
ed.

[0012] According to further another manufacturing
method of the present invention, in addition to the multi-
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layer wiring board manufacturing method in the preced-
ing paragraph, the uppermost wiring film forming metal
layer and the lowermost wiring film forming metal thin
layer are simultaneously patterned. Thus, the number
of wiring films can be further increased and an effect is
also obtained in that the number of layers of the wiring
board can be further increased.

[0013] According to further another manufacturing
method of the present invention, in order to connect be-
tween upper and lower wirings, bumps formed by pat-
terning a bump forming metal layer of a multi-metal layer
board is used as upper and lower wirings interconnect-
ing means so that a conventional hole formation is un-
necessary. Thus, as compared with a conventional
case, the region of a portion required for interconnecting
upper and lower wirings can be extremely narrowed
such that a diameter thereof is for example 0.1 mm or
less.

[0014] According to further another manufacturing
method of the present invention, a region of a portion
required for interconnecting upper and lower wirings can
be extremely narrowed such that a diameter thereof can
be for example 0.1 mm or less. Thus, not only a direct
effect is obtained with respect to the improvement of in-
tegration due to the narrowing of an area which an upper
and lower wirings interconnecting portion itself occu-
pies, but also the number of wiring films which are forced
to make a detour can be reduced due to an indirect effect
that adverse influence on other wiring films such that
they are forced to make a detour is reduced. Further,
another effect is obtained in that the detour length of the
wiring films that are forced to make a detour can be also
shortened.

[0015] According to further another manufacturing
method of the present invention, a bump forming metal
layer on which a wiring film forming metal layer is lami-
nated through an etching stop layer is used as a base
of a multi-metal layer, and the wiring film forming metal
layer is patterned. Thus, a wiring film can be formed.
[0016] According to further another manufacturing
method of the present invention, a bump forming metal
layer on which an etching stop layer is laminated is used
as a base of a multi-layer metal plate, and metal is se-
lectively plated on an anti-bump forming metal layer side
surface of the etching stop layer. Thus, a wiring film
made from a plating film can be formed.

[0017] Then, since the wiring film is formed by plating,
side etching that would be caused in the case where the
wiring film forming metal layer is patterned by photo
etching is not caused. Thus, minute wiring films can be
formed at high integration.

[0018] According to further another manufacturing
method of the present invention, a plural kinds of basic
wiring boards with a multi-layer wiring structure are pre-
pared and a plurality of basic wiring boards including dif-
ferent kinds of boards from among the plural kinds of
basic wiring boards are laminated. As a result, a multi-
layer wiring board with multi-layers, for example, 4 lay-
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ers to 10 or more layers can be easily obtained.
[0019] According to further another manufacturing
method of the present invention, after the plurality of ba-
sic wiring boards are laminated, wiring film forming met-
allayers as the uppermost layer and the lowermost layer
are patterned. Thus, wiring films on the uppermost layer
and the lowermost layer can be simultaneously formed,
so that the number of wiring film forming steps can be
reduced by one, and the cost of the multi-layer wiring
board can be reduced.

[0020] According to further another manufacturing
method of the present invention, a multi-layer metal
plate, each layer of which is thin and its mechanical
strength is low, is reinforced with a reinforcing layer.
Thus, workability is improved and a fraction defective
can be reduced. In addition, the surface of a wiring film
forming metal layer is continuously protected by the re-
inforcing layer during a period from the first step to the
wiring film patterning step. Thus, damage or the like to
the surface in for example a press step is prevented and
a defect is not caused in a formed wiring film. Further,
the surface of the wiring film forming metal layer is pro-
tected from a chemical solution and deposition of con-
taminants on the surface is prevented.

[0021] According to further another manufacturing
method of the present invention, the same effect as the
multi-layer wiring board manufacturing method in the
preceding paragraph or the paragraph prior to the pre-
ceding paragraph can be obtained. In addition, when a
reinforcing layer is made of metal such as nickel or cop-
per, etching is required for peeling it so that the number
of steps is increased. However, in the case where the
reinforcing layer is composed of a peeling layer and a
heat resistant film as in this multi-layer wiring board
manufacturing method, when a wiring film patterning
step is to be conducted, it is sufficient that the heat re-
sistant film is merely peeled off so that the process is
simplified as a result.

[0022] Accordingto awiring board forming metal plate
of the present invention, a multi-layer metal plate, each
layer of which is thin and its mechanical strength is low,
is reinforced with a reinforcing layer. Thus, workability
is improved and a fraction defective can be reduced. In
addition, the surface of a wiring film forming metal layer
is continuously protected by a heat resistant film during
a period of from the first step to the wiring film patterning
step. Thus, damage or the like to the surface in, for ex-
ample, a press step is prevented and a defect is not
caused in a formed wiring film. Further, the surface of
the wiring film forming metal layer is protected from a
chemical solution and deposition of contaminants on the
surface is prevented. Furthermore, when the reinforcing
layer is made of metal such as nickel or copper, etching
is required for peeling it so that the number of steps is
increased. However, in the case where the metal plate
for wiring board formation is composed of a peeling layer
and a heat resistant film, when a wiring film patterning
step is to be conducted, it is sufficient that the heat re-
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sistant film is merely peeled off so that the process is
simplified as a result.

[0023] According to further another multi-layer board
manufacturing method of the present invention, in a
method of manufacturing a multi-layer wiring board, in
which on one main surface of a metal board for forming
a wiring board, a plurality of metal bumps having a lon-
gitudinal cross sectional shape such as a cone shape
or a trapezoid shape are arranged in predetermined po-
sitions, covered with at least an insulating sheet which
is made of a synthetic resin and composed of an inter-
layer insulating film having a thickness smaller than the
height of the bumps, so as to follow the shapes of the
above respective metal bumps, and the one main sur-
face of the above metal plate is polished so that a portion
of the above insulating sheet which covers the bumps
is removed to expose upper surfaces of the bumps, the
polishing is conducted as follows, the above metal plate
is placed such that the one main surface faces upward,
a cutter having a large width is moved relatively to the
above metal plate in parallel to the main surface and the
top surfaces of the respective bumps are cut by the cut-
ter such that they lie on the same plane as the surface
of the insulating sheet.

[0024] According to another multi-layer board manu-
facturing method of the present invention, the cutter
having a large width in the preceding paragraph is
moved in a direction parallel to the metal plate while ap-
plying low frequency vibration or ultrasonic vibration in
a direction perpendicular to the main surface.

[0025] According to further another multi-layer board
manufacturing method of the present invention, the in-
vention includes at least metal plate holding means for
holding the metal plate with a state in which the one main
surface faces upward, cutter holding means for holding
a cutter above the metal plate, height adjustment mech-
anism for adjusting the height of the cutter holding
means relative to the metal plate, and cutter parallel
moving mechanism for relatively moving the cutter hold-
ing means in parallel to the surface of the metal plate.
[0026] According to further another manufacturing
method of the present invention, in the multi-layer board
manufacturing method in the paragraph prior to the pre-
ceding paragraph, the invention is characterized in that
polishing which is conducted by passing a metal plate
between a polishing roller or a buff roller and a backup
roller is conducted plural times such that the degree of
finish is gradually increased.

[0027] According to further another multi-layer wiring
board manufacturing method of the present invention,
the polishing is conducted in such a manner that a cutter
roller, in which cutters each having a large width are pro-
vided on its peripheral surface such that cutting edges
thereof protrude toward the rotation direction side, is ro-
tated, and then the top surfaces of the respective bumps
are cut by the cutters of the rotated cutter roller such
that they lie on the same plane as the surface of the
insulating sheet.
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[0028] According to a multi-layer wiring board manu-
facturing method of the present invention, a polishing
machine of the invention is characterized by including
at least a polishing roller or a buff roller in which a pol-
ishing material is sintered on its peripheral surface, roller
rotating means for rotating the polishing roller or the buff
roller, a backup roller, pressing means for pressing the
backup roller to the polishing roller or the buff roller, and
carrying means for carrying a metal plate between the
polishing roller or the buff roller and the backup roller.
[0029] According to a multi-layer wiring board manu-
facturing method of the present invention, a polishing
machine of the invention has a plurality of metal plate
polishing portions each including at least: a polishing
roller or a buff roller in which a polishing material is sin-
tered on its peripheral surface; roller rotating means for
rotating the polishing roller or the buff roller; a backup
roller; pressing means for pressing the backup roller to
the polishing roller or the buff roller; and carrying means
for carrying a metal plate between the polishing roller or
the buff roller and the backup roller. The roughnesses
of the polishing materials of the polishing rollers or the
roughnesses of the surfaces of the buff rollers in the
above respective metal plate polishing portions are
made different from each other.

[0030] According to further another multi-layer wiring
board manufacturing method of the present invention,
a polishing machine of the invention is characterized by
including at least metal plate holding means for holding
the metal plate with a state in which the one main sur-
face faces upward, cutter roller holding means for rotat-
ably holding a cutter roller over the metal plate, rotation
drive means for rotating the cutter roller, height adjust-
ment mechanism for adjusting the height of the cutter
roller holding means relative to the metal plate, and cut-
ter roller parallel moving mechanism for relatively mov-
ing the cutter roller holding means in parallel to the sur-
face of the metal plate.

[0031] According to further another multi-layer wiring
board manufacturing method of the present invention,
Vickers hardnesses of a bump made of metal (copper)
and a metal layer (copper layer) which is laminated ther-
eon and connected therewith is set to 80 to 150 Hv.
[0032] According to further another multi-layer wiring
board manufacturing method of the present invention,
before lamination, blackening reduction processing is
performed for one or both of a top surface of a bump of
a metal member and a surface of a metal layer (copper
layer) to be laminated on the metal member or a surface
of a metal layer (copper layer) which becomes a wiring
film or a wiring film of another wiring circuit forming
board.

[0033] According to further another multi-layer wiring
board manufacturing method of the present invention,
when, on a wiring forming board in which upper and low-
er wirings interconnecting bumps made of metal are in-
tegrally formed on a metal (copper) layer, an interlayer
insulating layer is to be formed in a portion of the metal
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(copper) layer in which the bumps are not formed, bump
holes engaging with the respective bumps are provided
in a portion corresponding to the upper and lower wir-
ings interconnecting bumps. Then, the interlayer insu-
lating film is overlapped on the metal (copper) layer in
a state in which the respective bump holes are engaged
with the corresponding respective upper and lower wir-
ings interconnecting bumps. Further, a wiring forming
metal (copper) layer is pressurized onto the interlayer
insulating film.

[0034] According to further another multi-layer wiring
board manufacturing method of the present invention,
in the multi-layer wiring board manufacturing method in
the preceding paragraph, the formation of the above re-
spective bump holes in the above interlayer insulating
film is performed as follows. The interlayer insulating
layer is made to abut with a bump forming surface of a
wiring circuit forming board in which upper and lower
wirings interconnecting bumps are formed so that the
interlayerinsulating layer is penetrated by the upper and
lower wirings interconnecting bumps.

[0035] According to further another multi-layer wiring
board manufacturing method of the present invention,
in the multi-layer wiring board manufacturing method in
the paragraph prior to the preceding paragraph, the for-
mation of the above respective bump holes in the above
interlayer insulating film is performed as follows. The in-
terlayer insulating layer is selectively penetrated by la-
ser light irradiation using as a mask a mask body having
substantially the same pattern as the upper and lower
wirings interconnecting bumps of the wiring forming
board.

[0036] Accordingto a multi-layer metal plate for a mul-
ti-layer wiring board manufacturing method of the
present invention, on an interlayer insulating layer and
upper surfaces of bumps of a board in which the upper
and lower wirings interconnecting bumps made of metal
are integrally formed on a metal (copper) layer and the
interlayer insulating layer is formed in a portion in which
the bumps are not formed on the metal (copper) layer,
a multi-layer metal plate in which extension bumps are
formed in positions corresponding to the respective up-
per and lower wirings interconnecting bumps is laminat-
ed such that the respective bumps are electrically con-
nected with the respective upper and lower wirings in-
terconnecting bumps corresponding thereto, and an in-
terlayer insulating layer is formed in a portion of the met-
al plate in which the extension bumps are not formed.
[0037] According to a multi-layer wiring board manu-
facturing method of the present invention, the method
includes: a step of laminating a metal plate on an inter-
layer insulating layer and upper surfaces of upper and
lower wirings interconnecting bumps of a board in which
the upper and lower wirings interconnecting bumps
made of metal (copper) are integrally formed on a metal
(copper) layer and the interlayer insulating layer is
formed in a portion in which the bumps are not formed
on the metal (copper) layer; a step of selectively etching
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the metal plate to form extension bumps connected with
the respective upper and lower wirings interconnecting
bumps in positions corresponding thereto; and a step of
forming an interlayer insulating layer in a portion of the
metal plate in which the extension bumps are not
formed.

[0038] Accordingto a multi-layer wiring circuit forming
board of the present invention, in a manufacturing meth-
od for a multi-layer wiring circuit forming board in which
a metal (copper) layer or another wiring circuit forming
board is laminated on an interlayer insulating layer and
upper surfaces of bumps of a wiring circuit forming
board in which the upper and lower wirings interconnect-
ing bumps made of metal (copper) are integrally formed
on a metal (copper) layer and the interlayer insulating
layer is formed in a portion in which the bumps are not
formed on the metal (copper) layer, the wiring circuit
forming board in which the upper and lower wirings in-
terconnecting bumps made of metal (copper) are inte-
grally formed on the metal (copper) layer and the inter-
layer insulating layer is formed by laminating an insulat-
ing sheet composing the interlayer insulating layer on a
surface of the metal (copper) layer on which the upper
and lower wirings interconnecting bumps are formed is
polished by being passed between the polishing roller
and the backup roller before the metal (copper) layer or
another wiring circuit forming board is laminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Figs. 1(A) to 1(D) are sectional views showing
in order steps shown in Figs. 1(A) to 1(D), of steps
shown in Figs. 1(A) to 3(K) in a first embodiment mode
of a multi-layer wiring board manufacturing method ac-
cording to the present invention.

[0040] Figs. 2(E) to 2(H) are sectional views showing
in order steps shown in Figs. 2(E) to 2(H), of the steps
shown in Figs. 1(A) to 3(K) in the first embodiment mode
of the multi-layer wiring board manufacturing method
according to the present invention.

[0041] Figs. 3(l) to 3(K) are sectional views showing
in order steps shown in Figs. 3(l) to 3(K), of the steps
shown in Figs. 1(A) to 3(K) in the first embodiment mode
of the multi-layer wiring board manufacturing method
according to the present invention

[0042] Figs. 4(A) to 4(D) are sectional views showing
in step order of a method of manufacturing an example
of a basic wiring board used for a second embodiment
mode of a multi-layer wiring board manufacturing meth-
od according to the present invention.

[0043] Fig. 5 is a sectional view showing another ex-
ample of a basic wiring board used for the second em-
bodiment mode of the multi-layer wiring board manufac-
turing method according to the present invention.
[0044] Fig. 6 is a sectional view showing further an-
other example of a basic wiring board used for the sec-
ond embodiment mode of the multi-layer wiring board
manufacturing method according to the present inven-
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tion.

[0045] Fig. 7 is a sectional view showing further an-
other example of a basic wiring board used for the sec-
ond embodiment mode of the multi-layer wiring board
manufacturing method according to the present inven-
tion.

[0046] Figs. 8(A) and 8(B) are explanatory views of
an example of a multi-layer wiring board with 4 layers,
in which Fig. 8(A) shows 2 basic wiring boards compos-
ing the multi-layer wiring board and Fig. 8(B) shows a
state in which the 2 basic wiring boards are laminated.
[0047] Figs. 9(A) and 9(B) are explanatory views of
an example of a multi-layer wiring board with 6 layers,
in which Fig. 9(A) shows 3 basic wiring boards compos-
ing the multi-layer wiring board and Fig. 9(B) shows a
state in which the 3 basic wiring boards are laminated.
[0048] Figs. 10(A) and 10(B) are explanatory views of
an example of a multi-layer wiring board with 8 layers,
in which Fig. 10(A) shows 4 basic wiring boards com-
posing the multi-layer wiring board and Fig. 10(B) shows
a state in which the 4 basic wiring boards are laminated.
[0049] Figs. 11(A) and 11(B) are explanatory views of
an example of a multi-layer wiring board with 10 layers,
in which Fig. 11 (A) shows 5 basic wiring boards com-
posing the multi-layer wiring board and Fig. 11(B) shows
a state in which the 5 basic wiring boards are laminated.
[0050] Figs. 12(A) to 12(E) are sectional views show-
ing in order steps shown in Figs. 12(A) to 12(E), of steps
shownin Figs. 12(A) to 13(l) in a third embodiment mode
of a multi-layer wiring board manufacturing method ac-
cording to the present invention.

[0051] Figs. 13(F) to 13(l) are sectional views show-
ing in order steps shown in Figs. 13(F) to 13(l), of steps
shown in Figs. 12(A) to 13(l) in the third embodiment
mode of the multi-layer wiring board manufacturing
method according to the present invention.

[0052] Figs. 14(A) and 14(B) are sectional views
showing in order steps shown in Figs. 14(A) and 14(B)
in a modified example of the above third embodiment
mode.

[0053] Figs. 15(A) to 15(E) are sectional views show-
ing in order steps shown in Figs. 15(A) to 15(E) in a
fourth embodiment mode of a multi-layer wiring board
manufacturing method according to the present inven-
tion.

[0054] Figs. 16(A) to 16(E) are sectional views show-
ing in order steps shown in Figs. 16(A) to 16(E) in a fifth
embodiment mode of a multi-layer wiring board manu-
facturing method according to the present invention.
[0055] Fig. 17 is a side view of a metal plate polishing
machine for use of a sixth embodiment mode of a multi-
layer wiring board manufacturing method according to
the present invention.

[0056] Fig. 18 is a side view of a metal plate polishing
machine for use of a seventh embodiment mode of a
multi-layer wiring board manufacturing method accord-
ing to the present invention.

[0057] Figs. 19(A) and 19(B) is a side view of a metal
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plate polishing machine for use of an eighth embodi-
ment mode of a multi-layer wiring board manufacturing
method according to the present invention, in which Fig.
19(A) is a perspective view and Fig. 19(B) is a side view
showing a state in which a main surface of a metal plate
is polished by a cutter roller.

[0058] Figs. 20(A) to 20(D) are explanatory views of
a ninth embodiment mode of a multi-layer wiring board
manufacturing method according to the present inven-
tion, in which Fig. 20(A) is a sectional view of a metal
(copper) plate 1a containing mainly metal (copper), Fig.
20(B) is a sectional view of a processed metal (copper)
plate 1a and a metal layer (copper layer) 202 bonded
thereto, Fig. 20(C) is a sectional view showing a state
in which the metal layer 202 is welded with pressure to
bumps, and Fig. 20(D) is a table indicating a reason why
Vickers hardness of a metal (copper) portion of a multi-
layer wiring circuit board forming member is set to 80 to
150 Hyv.

[0059] Figs. 21(A) to 21(E) show a tenth embodiment
mode of a multi-layer wiring board manufacturing meth-
od according to the present invention, in which Figs. 21
(A) to 21(D) are sectional views showing the manufac-
turing method in step order, and Fig. 21(E) shows by
way of a table the states of a bump forming member side
and a metal (copper) layer laminated thereon as to
whether they are good or poor, with regard to various
processing contents.

[0060] Figs. 22 (A)to 22 (C) are sectional views show-
ing in step order an eleventh embodiment mode of a
multi-layer wiring board manufacturing method accord-
ing to the present invention.

[0061] Figs. 23(1) to 23(7) are sectional views show-
ing in step order a twelfth embodiment mode of a multi-
layer wiring board manufacturing method according to
the presentinvention and Figs. 23(11) to 23(15) are sec-
tional views showing in step order a modified example
of the embodiment mode.

[0062] Figs. 24(1) to 24(5) are sectional views show-
ing in step order a thirteenth embodiment mode of a mul-
ti-layer wiring board manufacturing method according to
the present invention.

[0063] Fig.25is asectional view showing a fourteenth
embodiment mode of a multi-layer wiring board manu-
facturing method according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0064] Hereinafter, the present invention will be de-
scribed in detail according to embodiment modes there-
of.

[0065] Figs. 1(A)to 1(D), Figs. 2 (E) to 2(H), and Figs.
3(I) to 3(K) are sectional views showing steps of Figs. 1
(A) to 3(K) in order in a first embodiment mode of a multi-
layer wiring board manufacturing method according to
the present invention.

[0066] (A)First, as shownin Fig. 1(A), multi-layer met-
al plates 1a and 1b are prepared. Note that the multi-
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layer metal plate 1a corresponds to a first multi-layer
metal plate in claim 1 and the multi-layer metal plate 1b
corresponds to a second multi-layer metal plate of claim
1.

[0067] The above multi-layer metal plates 1a and 1b
each are obtained by laminating a wiring film forming
metal layer 4 made of copper foil having a thickness of
for example 18 um on one main surface of a bump form-
ing metal layer 2 made of copper foil having a thickness
of for example 100 um, through an etching stop layer 3
made of a nickel layer having a thickness of for example
2 um.

[0068] (B) Next, with respect to the above multi-layer
metal plate 1a, the bump forming metal layer 2 and the
etching stop layer 3 are patterned by selective etching
to form bumps 2a for interconnecting upper and lower
wirings. In this selective etching, the etching stop layer
3 prevents wiring films 4a from being etched at the time
of etching the bump forming metal layer 2. Then, when
the selective etching of the bump forming metal layer 2
is completed, etching is conducted for the etching stop
layer 3 using as a mask copper that is a material which
forms the bump forming metal layer 2 and the wiring film
forming metal layer 4.

[0069] After that, an insulating film 5 made of for ex-
ample a resin is bonded onto a forming surface of the
above bumps 2a so as to expose only the top portions
of the bumps 2a from the surface of the film 5.

[0070] On the other hand, with respect to the above
multi-layer metal plate 1b, the wiring film forming metal
layer 4 is patterned to form wiring films 4a. At this time,
the etching stop layer 3 prevents etching of the bump
forming metal layer 2. Fig. B) shows the multi-layer met-
al plate 1b in which the formation of the wiring films 4a
is completed and the multi-layer metal plate 1a in which
the formation of the insulating film 5 is completed.
[0071] Note that, hereinafter, the wiring films 4a and
the bumps 2a of the multi-layer metal plate 1 are also
formed by the above method.

[0072] (C) Next, the bumps 2a of the multi-layer metal
plate 1a are connected with the wiring films 4a of the
multi-layer metal plate 1b and the multi-layer metal
plates 1a and 1b are laminated. Fig. 1(C) shows a state
after the lamination.

[0073] (D) Next, the bump forming metal layer 2 and
the etching stop layer 3 of the above multi-layer metal
plate 1b are patterned by selective etching to form
bumps 2a. Fig. 1(D) shows a state after the formation
of the bumps 2a.

[0074] (E) Next, an insulating film 5 made of for ex-
ample a resin is bonded onto a surface for forming the
above bumps 2a so as to expose only the top portions
of the bumps 2a from the surface of the insulating film
5. Then, a multi-layer metal plate 1c is prepared as a
new multi-layer metal plate. With respect to the multi-
layer metal plate 1c, a wiring film forming metal layer 4
of the multi-layer metal plate 1 having the same struc-
ture as the multi-layer metal plates 1a and 1b each hav-
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ing a three layers structure shown in Fig. 1(A) is pat-
terned by selective etching to form wiring films 4a. Fig.
2(E) shows a state in which a bump 2a forming side sur-
face of a laminate of the multi-layer metal plates 1a and
1b faces a wiring film 4a forming side surface of the mul-
ti-layer metal plate 1cin which the formation of the wiring
films 4a is completed.

[0075] (F) Next, as shown in Fig. 2(F), the bumps 2a
of the multi-layer metal plate 1a are connected with the
wiring films 4a of the multi-layer metal plate 1b and the
multi-layer metal plate 1c is laminated onto the multi-
layer metal plate 1b.

[0076] (G) Next, the bump forming metal layer 2 and
the etching stop layer 3 of the multi-layer metal plate 1b
are patterned by selective etching to form bumps 2a.
Then, an insulating film 5 made of for example a resin
is bonded onto a forming surface of the bumps 2a so as
to expose only the top portions of the bumps 2a from
the film 5.

[0077] Then, a multi-layer metal plate 1d is prepared
as a new multi-layer metal plate. With respect to the mul-
ti-layer metal plate 1d, a wiring film forming metal layer
4 of the multi-layer metal plate having the same struc-
ture as the multi-layer metal plates 1a, 1b and 1c each
having a three layers structure shown in Fig. 1(A) is pat-
terned by selective etching to form wiring films 4a. Fig.
2(G) shows a state in which a bump 2a forming side sur-
face of a laminate of the multi-layer metal plates 1a, 1b
and 1c after the formation of the insulating film 5 faces
a wiring film 4a forming side surface of the new multi-
layer metal plate 1d.

[0078] (H) Next, as shown in Fig. 2(H), the bumps 2a
of the multi-layer metal plate 1b are connected with the
wiring films 4a of the multi-layer metal plate 1c and the
multi-layer metal plate 1d is laminated to the laminate
of the multi-layer metal plates 1a, 1b and 1c.

[0079] (1) Next, a bump forming metal layer 2 and an
etching stop layer 3 of a multi-layer metal plate 1d are
patterned by selective etching to form bumps 2a. After
that, an insulating film 5 made of for example a resin is
bonded onto a surface for forming the bumps 2a such
that it is broken through by the bumps 2a so that the top
portions of the bumps protrude therefrom.

[0080] After that, a multi-layer metal plate 1e is pre-
pared as a new multi-layer metal plate. With respect to
the multi-layer metal plate 1e, a wiring film forming metal
layer 4 of a multi-layer metal plate having the same
structure as the multi-layer metal plates 1a and 1b each
having a three layers structure shown in Fig. 1(A) is pat-
terned by selective etching to form wiring films 4a. Fig.
3(l) shows a state in which a bump 2a forming side sur-
face of a laminate of the multi-layer metal plates 1a to
1d obtained after the formation of the insulating film 5
faces a wiring film 4a forming surface of the new multi-
layer metal plate 1e.

[0081] (J) Next, the bump forming metal layer 2 and
the etching stop layer 3 of the above multi-layer metal
plate 1e are patterned by selective etching to form
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bumps 2a. Then, an insulating film 5 made of for exam-
ple a resin is bonded onto its bumps 2a forming surface
so as to expose only the top portions of the bumps 2a
from the surface of the film 5. After that, a wiring film
forming metal thin plate 6 made of copper is connected
with the bumps 2 and laminated onto the bump 2a form-
ing surface side. Fig. 3(J) shows a state after the lami-
nation.

[0082] (K) Next, the wiring film forming metal layer 4
of the above multi-layer metal plate 1a (the uppermost
multi-layer metal plate in Figs. 1 to 3) and the above
wiring film forming metal thin plate 6 are patterned by
selective etching to form wiring films 4a and 6a. Then,
the wiring films 4a become the uppermost layer wiring
films and the wiring films 6a become the lowermost layer
wiring films.

[0083] Summarizing this multi-layer wiring board
manufacturing method, the multi-layer metal plate 1a is
used as a base, the bump forming metal layer 2 and the
etching stop layer 3 thereof are patterned to form the
bumps 2a, the insulating film 5 is bonded onto the bump
2a forming surface such that it is broken through by the
bumps 2a so as to cause the top portions thereof to pro-
trude from the surface of the insulating film 5, and then
the wiring films 4a of another multi-layer metal plate 1b
in which the wiring films 4a are formed by patterning the
wiring film forming metal layer 4 are connected with the
bumps 2a of the multi-layer metal plate 1a, and the multi-
layer metal plates 1a and 1b are laminated. Such a lam-
ination process is repeated for multi-layering in a man-
ner such that the wiring film 6a forming surface of an-
other multi-layer metal plate 1 is always overlapped on
the bumps 2a forming surface of another multi-layer
metal plate 1. Finally, the wiring film forming metal layer
4 and the wiring film forming metal thin plate 6 which are
located on the uppermost surface and the lowermost
surface, respectively, are patterned to form the wiring
films 4a and the wiring films 6a which are located on the
uppermost surface and the lowermost surface, respec-
tively. Thus, by increasing the number of repetitions of
the above lamination process, the number of layers of
the wiring board can be increased.

[0084] According to this multi-layer wiring board man-
ufacturing method, with respect to interconnection be-
tween upper and lower wirings, the conventional tech-
nique, in which the hole is formed in the insulating plate
as a base, the metal plating film for interconnecting up-
per and lower wirings is formed on the inner peripheral
surface thereof, and then the hole is filled, is not fol-
lowed, but the bumps 2a formed by patterning the bump
forming metal layer 2 of the multi-layer metal wiring 1
are used as upper and lower wirings interconnecting
means. Thus, as compared with a conventional case,
the region of a portion required for interconnecting upper
and lower wirings can be extremely narrowed such that
a diameter thereof is for example 0.1 mm or less.
[0085] When the upper and lower wirings intercon-
necting portion can be narrowed, not only a direct effect



15 EP 1377 145 A1 16

is produced with respect to improvement of integration
due to the narrowing of an area which itself occupies but
also an indirect effect is produced in that adverse influ-
ence on other wiring films such that the number of them
to be forced to make a detour is reduced. In other words,
due to the indirect effect that adverse influence on other
wiring films is reduced, the number of wiring films which
are forced to make a detour can be reduced and the
detour length of the wiring film which is forced to make
a detour can be also shortened. Thus, the integration
can be markedly improved.

[0086] Also, the lamination process is repeated for
multi-layering in succession in a manner such that the
wiring film 4a forming surface of one multi-layer metal
plate 1 is always overlapped on the bumps 2a forming
surface of another multi-layer metal plate 1. Thus, ac-
cording to the number of repetition processes, the
number of layers of the multi-layer metal plates can be
arbitrarily increased so that a wiring board with a very
high integration can be provided.

[0087] Note that the respective wiring boards 1a, 1b,
1c, ... may be laminated after the formation of the wiring
films 4a and the bumps 2a and bonding of the insulating
film 5.

[0088] Note that, according to the above first embod-
iment mode, a laminate obtained by laminating the wir-
ing film forming metal layer 4 on the bump forming metal
layer 2 through the etching stop layer 3 is prepared as
a base and the wiring film forming metal layer 4 is se-
lectively etched for patterning to form the wiring films 4a
of the multi-layer metal plate 1a, 1b, or the like. The wir-
ing films 4a can be also formed by plating. When the
wiring films 4a are formed by plating, side etching
caused in the case where the wiring film forming metal
layer 4 is patterned by photo etching is not occurred.
Thus, minute wiring films 4a can be formed at high in-
tegration.

[0089] Specifically, a method of preparing a laminate
obtained by laminating the etching stop layer 3 on the
bump forming metal layer 2 as a base, selectively form-
ing for example a photo resist film on an anti-bump form-
ing metal layer side surface of the etching stop layer 3,
and plating for example metal such as copper using the
photo resist film as a mask to form the wiring films 4a is
preferable. In addition, the wiring films may be directly
formed on the surface of the etching stop layer 3 by plat-
ing. Alternatively, a thin plating base layer made of for
example copper may be formed on the surface of the
etching stop layer and the wiring films 4a may be formed
on the plating base layer by plating using the photo resist
film as a mask. In this case, it is necessary to etch the
thin plating base layer using the wiring films 4a as a
mask after the formation of the wiring films 4a.

[0090] Figs. 4 to 11 are explanatory views of a second
embodiment mode of a multi-layer wiring board manu-
facturing method according to the presentinvention. Ac-
cording to this embodiment mode, a row material is
processed to prepare plural types of basic wiring boards
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50 (for example, 50c, 50 B, 50 yand 50 & ) composing
a multi-layer wiring board, and arbitrary boards are com-
bined from the plural types of basic wiring boards and
laminated to produce a multi-layer wiring board 51 (for
example, 51a, 51b, 51c or 51d). Figs. 4 to 7 are explan-
atory views of a basic wiring board manufacturing meth-
od or respective basic wiring boards. Figs. 4(A) to 4(D)
show a method of manufacturing a first example 50 o of
the basic wiring boards in step order. Fig. 5 shows a sec-
ond example 50 B of the basic wiring boards. Fig. 6
shows a third example 50 vy of the basic wiring boards.
Fig. 7 shows a fourth example 50 & of the basic wiring
boards.

[0091] First, a method of manufacturing the first ex-
ample 50 o will be described with reference to Figs. 4
(A) to 4(D).

[0092] (A) First, as shown in Fig. 4(A), a multi-layer
metal plate 1a is prepared. The multi-layer metal plate
1a may be the same as for example the multi-layer metal
plate 1a shown in Fig. 1(A). In other words, a laminate
obtained by laminating a wiring film forming metal layer
4 made of copper foil having a thickness of for example
18 um on one main surface of a bump forming metal
layer 2 made of copper foil having a thickness of 100
pum through an etching stop layer 3 made of a nickel lay-
er having a thickness of for example 2 um is prepared.
[0093] (B) Next, with respect to the above multi-layer
metal plate 1a, the bump forming metal layer 2 and the
etching stop layer 3 are patterned by selective etching
to form bumps 2a for interconnecting upper and lower
wirings. Then, when the selective etching of the bump
forming metal layer 2 is completed, etching is conducted
for the etching stop layer 3 using as a mask copper that
is a material which forms the bump forming metal layer
2 and the wiring film forming metal layer 4.

[0094] After that, an insulating film 5 made of for ex-
ample a resin is bonded onto a forming surface of the
above bumps 2a so as to expose only the top portions
of the bumps. Then, as shown in Fig. 4(B), a surface of
the multi-layer metal plate 1a on the side where the top
portions of the bumps 2a protrude is made to face a wir-
ing film forming metal thin plate 6 made of, for example,
copper.

[0095] (C) Next, as shown in Fig. 4(C), the above wir-
ing film forming metal thin plate 6 is connected with the
bumps 2a and laminated on the bump 2a forming sur-
face side.

[0096] (D) Next, the wiring film forming metal layer 4
of the above multi-layer metal plate 1a and the above
wiring film forming metal thin plate 6 are patterned by
selective etching to form wiring films 4a and 6a. Thus,
the basic wiring board 50 o is manufactured. The wiring
films 4a become upper layer wiring films and the wiring
films 6a become lower layer wiring films.

[0097] Fig. 5 shows the basic wiring board 50 8 . This
can be manufactured by selectively etching the wiring
film forming metal thin plate 6 to form only the wiring
films 6a without selectively etching the wiring film form-
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ing metal layer 4, that is, without forming the wiring films
4a of the upper layer in the step of the manufacturing
method shown in Fig. 4(D) of Fig. 4.

[0098] Fig. 6 shows the basic wiring board 50 y. The
basic wiring board 50 y can be manufactured by the
same steps as the steps shown in Figs. 1(A) to 1(D).
[0099] Fig. 7 shows the basic wiring board 50 & . An
insulating film 5 is formed on a bump 2a forming side
surface of the basic wiring board 50 y shown in Fig. 6
so as to expose only the top portions of the bumps 2a
from the insulating film 5, and the wiring film forming
metal layer 4 is patterned by photo etching to form wiring
films 4a. Thus, the basic wiring board 50 & can be man-
ufactured.

[0100] Figs. 8 to 11 are explanatory views of exam-
ples 51a to 51d of respective multi-layer wiring boards
manufactured by combining the above basic wiring
boards 50 o, 50 B, 50 yand 50 6 and laminating them.
Fig. 8(A) shows the basic wiring boards 50 y and 50 a
used for manufacturing the multi-layer wiring board 51a.
Fig. 8(B) shows a state in which the basic wiring board
50 yis laminated on the upper surface of the basic wiring
board 50 o. Then, the wiring film forming metal layer 4
being the uppermost layer and the wiring film forming
metal thin plate 6 being the lowermost layer in the lam-
inate with the state shown in Fig. 8(B) are patterned by
for example photo etching to form wiring films 4a and
6a (not shown). Thus, the multi-layer wiring board 51a
with 4 layers is manufactured.

[0101] Fig. 9 (A) shows the basic wiring boards 50 v,
50 o, and 50 y used for manufacturing the multi-layer
wiring board 51b. Fig. 9 (B) shows a state in which the
basic wiring boards 50 y and 50 y sandwich the basic
wiring board 500 and are laminated in a vertical direc-
tion such that their respective bump 2a sides face the
basic wiring board 50a side. Then, the wiring film form-
ing metal layers 4 and 4 being the uppermost layer and
the lowermost layer in the laminate with the state shown
in Fig. 9(B) are patterned by for example photo etching
to form wiring films 4a and 4a (not shown). Thus, the
multi-layer wiring board 51b with 6 layers is manufac-
tured.

[0102] Fig. 10 (A) shows the basic wiring boards 50
v, 50 a, 50 & and 50 y used for manufacturing the multi-
layer wiring board 51c (not shown) . Fig. 10 (B) shows
a state in which the basic wiring board 50 & in which a
bump 2a side surface is oriented to face upward is lam-
inated on the basic wiring board 50 v in which a bump
2a side surface is oriented to face upward, the basic wir-
ing board 50 o is laminated on the basic wiring board
50 &, and the basic wiring board 50 y in which a bump
2a forming side is oriented to face downward is laminat-
ed on the basic wiring board 50 o.. Then, the wiring film
forming metal layers 4 and 4 as the uppermost layer and
the lowermost layer of the laminate in the state shown
in Fig. 10(B) are patterned by for example photo etching
to form wiring films 4a and 4a (not shown). Thus, the
multi-layer wiring board 51c with 8 layers is manufac-
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tured.

[0103] Fig. 11 (A) shows the basic wiring boards 50 v,
50 o, 50 6 and 50 vy used for manufacturing the multi-
layer wiring board 51d. Fig. 11(B) shows a state in which
the basic wiring board 50 § whose bump 2a side surface
is oriented to face upward is laminated on the basic wir-
ing board 50 y whose bump 2a side surface is oriented
to face upward, the basic wiring board 50 o is laminated
on the basic wiring board 50 §, the basic wiring board
50 & whose bump 2a and insulating film 5 forming side
is further oriented to face downward is laminated on the
basic wiring board 50 o, and further, the basic wiring
board 50 ywhose bump 2a and insulating film 5 forming
side is oriented to face downward is laminated on the
basic wiring board 50 & . Then, the wiring film forming
metal layers 4 and 4 being the uppermost layer and the
lowermost layer of the laminate in the state shown in
Fig. 11 (B) are patterned by for example photo etching
to form wiring films 4a and 4a (not shown). Thus, the
multi-layer wiring board 51d with 10 layers is manufac-
tured.

[0104] As described above, itis also possible to adopt
a mode in which a row material is processed to prepare
plural types 50 a, 5 B, 50 v, and 50 & of basic wiring
boards 50 composing the multi-layer wiring board, and
arbitrary boards are combined from the plural types of
basic wiring boards and laminated to manufacture the
multi-layer wiring boards 51a, 51b, 51c and 51d. Thus,
the multi-layer wiring board 51 with the arbitrary number
of layers (for example, 4 to 10 layers) can be obtained.
[0105] Also in the case of the second embodiment
mode of a multi-layer wiring board manufacturing meth-
od according to the present invention, substantially the
same effect as that obtained by the first embodiment
mode can be obtained.

[0106] Figs. 12 (A) to 12(E), and Figs. 13(F) to 13(l)
are sectional views showing in order steps (A) to (I) in
accordance with a third embodiment mode of a multi-
layer wiring board manufacturing method of the present
invention.

[0107] (A) A multi-layer metal plate 20a in which a wir-
ing film forming metal layer 23 (not shown) made of cop-
per foil is laminated on one of surfaces of a bump form-
ing metal layer 21 made of copper foil through an etching
stop layer 22 made of nickel is prepared, and the wiring
film forming metal layer 23 is patterned by selective
etching to form wiring films 23a. At this time, the etching
stop layer 22 acts to prevent the bump forming metal
layer 21 from being etched. Fig. 12(A) shows a state
after the formation of the wiring films 23a.

[0108] (B) Next, as shown in Fig. 12(B), a thin copper
film 24 is plated on a wiring film 23a forming side surface
of the multi-layer metal plate 20a. The copper film 24
acts to prevent etching of an etching stop layer (25),
which is made of nickel and is formed on the copper film
24 in the next step, when the above etching stop layer
22 is selectively etched later. Note that, by conducting
precise control of etching thickness, it is not impossible
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to omit the step of forming the copper film 24. Thus, this
step is not necessarily essential.

[0109] (C) Next, as shown in Fig. 12(C), the etching
stop layer 25 made of nickel is formed on a wiring film
23a forming side surface of the above multi-layer metal
plate 20a by plating.

[0110] (D) Next, as shown in Fig. 12(D), a bump form-
ing metal layer 26 made of copper is formed on the wir-
ing film 23a forming side surface of the multi-layer metal
plate 20a by clad lamination or plating.

[0111] (E) Next, as shown in Fig. 12(E), the bump
forming metal layer 21 and the etching stop layer 22 of
the above multi-layer metal plate 20a are patterned by
selective etching to form bumps 21a.

[0112] (F) Next, an insulating film 27 is bonded to the
bumps 21a on a bump 21a forming side surface of the
above multi-layer metal plate 20a such that it is broken
through by the bumps 21a so as to cause the top por-
tions thereof to protrude. After that, a wiring film forming
metal thin plate 28 is connected with the bumps 21a and
laminated on the insulating film 27. Fig. 13(F) shows a
state after bonding of the wiring film forming metal thin
plate 28.

[0113] (G) Next, as shown in Fig. 13(G), the above
bump forming metal layer 26 and the etching stop layer
25 are patterned by selective etching to form bumps
26a.

[0114] (H) Next, as shown in Fig. 13(H), the above
copper film 24 is etched to electrically insulate between
the respective wiring films 23a.

[0115] (1) Next, an insulating film 30 is bonded to a
bump 26a forming side surface of the multi-layer metal
plate 20a such that it is broken through by the bumps
21ato protrude the top portions thereof. After that, a wir-
ing film forming metal thin plate 31 is connected with the
bumps 26a and laminated on the insulating film 30. Fig.
13(I) shows a state after bonding of the wiring film form-
ing metal thin plate 31.

[0116] After that, although not shown, the above wir-
ing film forming metal thin plate 28 and 31 are patterned
by selective etching to form wiring films. Thus, a wiring
board with 3 layers in which interlayer connections are
provided through the bumps 21a and 26a can be ob-
tained.

[0117] Here, the example of the wiring plate with 3 lay-
ers is described. However, it can be also applied to a
multi-layer wiring plate with more layers. In other words,
by combining the metal thin plate 28 shown in Fig. 13
(F) (not shown) which has been patterned and another
metal thin film bonded to the bumps 26a shown in Fig.
13(H) such that it breaks through an insulating layer (not
shown) so as to cause the top portions thereof to pro-
trude (not shown), a multi-layer plate with 3 or more lay-
ers can be also obtained.

[0118] Also in this multi-layer wiring board manufac-
turing method, as compared with a conventional case,
a region of a portion required for interconnecting upper
and lower wirings can be extremely narrowed by making

10

15

20

25

30

35

40

45

50

55

11

a diameter thereof for example 0.1 mm or less. Thus,
not only a direct effect is obtained with respect to im-
provement of integration due to the narrowing of an nec-
essary area therefor but also an indirect effect can be
obtained in that adverse influence on other wiring films
such that they have to be forced to make a detour is
reduced. In other words, due to the indirect effect that
adverse influence on other wiring films is reduced, an
effect is produced in that the number of wiring films that
are forced to make a detour can be reduced and the
detour length of the wiring film which is forced to make
a detour can be also shortened.

[0119] Figs. 14(A) and 14(B) are sectional views
showing steps (A) and (B) being a part of a modified
example obtained by modifying the third embodiment
mode of a multi-layer wiring board manufacturing meth-
od according to the present invention as shown in Figs.
12 and 13. In this modified example, a multi-layer metal
board 20b in which an etching stop layer 22 made of
nickel is formed on a bump forming metal layer 21 made
of copper, a plating base layer 30 made of copper is
formed on the etching stop layer 22, and wiring films 23a
having a predetermined pattern are formed on the plat-
ing base layer 30 by plating copper using a selectively
formed resist film as a mask is used. Fig. 14(A) shows
the multi-layer metal board 20b and Fig. 14(B) shows a
state after an etching stop layer 25 made of nickel is
formed on the multi-layer metal board 20b. These cor-
respond to the step shown in Fig. 12(C). After that,
processing performed subsequent to the step shown in
Fig. 12(D) in the third embodiment mode shown in Figs.
12 and 13 is conducted.

[0120] Also in this example, the same effect as in the
third embodiment mode shown in Figs. 12 and 13 can
be obtained and a pattern having higher precision than
a pattern by etching can be formed.

[0121] Figs. 15(A) to 15(E) are sectional views show-
ing in order of steps of a fourth embodiment mode of a
multi-layer wiring board manufacturing method accord-
ing to the present invention.

[0122] (A) As shown in Fig. 15(A), a multi-layer metal
plate 40 with 5 layers in which an etching stop layer 22
made of nickel is laminated on a bump forming metal
layer 21 made of copper, a wiring film forming metal lay-
er 23 made of copper is laminated on the etching stop
layer 22, a layer 41 made of nickel is laminated on the
wiring film forming metal layer 23, and a copper layer
42 is formed on the layer 41 is prepared as a multi-layer
metal plate. The nickel layer 41 and the copper layer 42
of the multi-layer metal plate 40 compose a reinforcing
layer 43 which is peeled off later and act to prevent the
multi-layer metal plate 40 from becoming liable to cause
a defect such as warping and bending due to insufficient
mechanical strength. In addition, by continuously pro-
tecting the surface of the wiring film forming metal layer
during a period of from the first step to the wiring film
patterning step, they act to prevent the damage or the
like to the surface during for example a press step and
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therefore to prevent a defect from being caused in
formed wiring films. Further, they also act to protect the
surface of the wiring film forming metal layer from a
chemical solution and to prevent deposition of contam-
inants on the surface.

[0123] Note that the multi-layer metal plate 40 may be
formed as follows. The nickel layer 41 is formed by plat-
ing on the surface of the wiring film forming metal layer
23 of the multi-layer metal plate with 3 layers which is
composed of the bump forming metal layer 21, the etch-
ing stop layer 22, and the wiring film forming metal layer
23, and the copper layer 42 is formed by plating on the
surface of the nickel layer 41. Alternatively, it may be
formed by laminating 5 clad layers composed of the
bump forming metal layer 21, the etching stop layer 22,
the wiring film forming metal layer 23, the nickel layer
41, and the copper layer 42.

[0124] (B) Next, as shown in Fig. 15(B), the bump
forming metal layer 21 is patterned by selective etching
to form bumps 21a.

[0125] (C) Next, as shown in Fig. 15(C), an insulating
film 44 is bonded to a bump 21a forming side surface of
the multi-layer metal plate 40 such that it is broken
through by the bumps 21a to cause the top portions
thereof to protrude.

[0126] (D) After that, a wiring film forming metal thin
plate 45 is connected with the bumps 21a and laminated
on the insulating film 44. Fig. 15(D) shows a state after
bonding of the wiring film forming metal thin plate 45. In
this state, the mechanical strength of the multi-layer
metal plate 40 is greater than that in the state shown in
Fig. 15(B). Thus, there is almost no possibility that it is
warped and bent to cause a defect.

[0127] (E) After that, the reinforcing layer 43 is peeled
off as shown in Fig. 15(E) so that the insulating film can
be formed by patterning the wiring film forming metal
layer 23 and the wiring film forming metal thin plate 45
by selective etching.

[0128] According to such a fourth embodiment mode,
the multi-layer metal plate in a state in which it is thin
and its mechanical strength is low is reinforced with the
reinforcing layer 43. Thus, workability is improved and
a fraction defective can be reduced. In addition, the sur-
face of the wiring film forming metal layer is continuously
protected during a period of from the first step to the
wiring film patterning step. Thus, damage or the like to
the surface during for example a pressing step can be
prevented and it can be prevented that a defect is
caused in formed wiring films. Further, the surface of the
wiring film forming metal layer can be protected from a
chemical solution and deposition of contaminants on the
surface can be prevented.

[0129] Figs. 16(A) to 16(E) are sectional views show-
ing in order of steps a fifth embodiment mode of a multi-
layer wiring board manufacturing method according to
the present invention.

[0130] (A) As shown in Fig. 16(A), a multi-layer metal
plate 60 in which an etching stop layer 22 made of nickel
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is laminated on a bump forming metal layer 21 made of
copper and a wiring film forming metal layer 23 made of
copper is laminated on the etching stop layer 22 is pre-
pared as a multi-layer metal plate. A heat resistant film
62 having a peeling layer 61 is laminated on the wiring
film forming metal layer 23 of the multi-layer metal plate
60.

[0131] The peeling layer 61 and the heat resistant film
62 compose a reinforcing layer 63 which is peeled off
later and act to prevent the multi-layer metal plate 60
from becoming liable to cause a defect such as warping
and bending due to insufficient mechanical strength. In
addition, the surface of the wiring film forming metal lay-
er is continuously protected during a period of from the
first step to the wiring film patterning step so that they
act to prevent damage or the like to the surface during
for example a pressing step and to prevent a defect from
being caused in formed wiring films. Further, they also
act to protect the surface of the wiring film forming metal
layer from a chemical solution and to prevent deposition
of contaminants on the surface.

[0132] Note that the peeling layer 61 is formed at a
thickness of for example 1 to 3 um using an organic sys-
tem agent. The organic system agent is made of a kind
or plural kinds of materials selected from the group con-
sisting of an organic compound containing nitrogen, an
organic compound containing sulfur and a carboxylic
acid.

[0133] Ofthose, the nitrogen-containing organic com-
pound includes a nitrogen-containing organic com-
pound having a substituent. As the nitrogen-containing
organic compound, specifically, it is preferred that
1,2,3-benzotriazole, carboxybenzotriazole, etc. which
are a triazole compound having a substituent are used.
As the sulfur-containing organic compound, it is pre-
ferred that mercaptobenzothiazole, thiocyanuric acid,
etc. are used. Moreover, as the carboxylic acid, itis pre-
ferred that particularly a monocarboxylic acid is used
and that among these, oleic acid, linoleic acid, linolenic
acid, etc. are used.

[0134] Furthermore, the heat resistant film 62 is
formed to have a thickness of, for example, 10 to 100
um by using a polymer. As the polymer, it is preferred
that a polyphenylene sulfide resin, a polyetherimide res-
in, a liquid crystal polymer film or polyetheretherketone
resin, etc. is used.

[0135] (B) Next, as shown in Fig. 16(B), the bump
forming metal layer 21 is patterned by selective etching
to form bumps 21a.

[0136] (C) Next, as shown in Fig. 16(C), an insulating
film 44 is bonded to a bump 21a forming side surface of
the multi-layer metal plate 40 such that it is broken
through by the bumps 21a so as to cause the top por-
tions thereof to protrude.

[0137] (D) After that, a wiring film forming metal thin
plate 45 is connected with the bumps 21a and laminated
on the insulating film 44. Fig. 16(D) shows a state after
bonding of the wiring film forming metal thin plate 45. In



23

this state, the mechanical strength of the multi-layer
metal plate 40 is greater than that in the state shown in
Fig. 16(B). Thus, there is almost no possibility that it is
warped and bent to cause a defect.

[0138] (E) After that, the reinforcing layer 63 is peeled
off as shown in Fig. 16(E) such that the wiring film can
be formed by patterning the wiring film forming metal
layer 23 and the wiring film forming metal thin plate 45
by selective etching.

[0139] According to such a fifth embodiment mode,
the same effect as in the fourth embodiment mode can
be obtained. In addition to this, an effect can be obtained
particularly in that simplified process is realized. In other
words, when the reinforcing layer 43 is made of metal
such as nickel or copper as in the fourth embodiment
mode, the number of steps is increased because etch-
ing is required for peeling the layer. On the other hand,
in the case where the reinforcing layer 63 is composed
of the peeling layer 61 and the heat resistant film 62 as
in the fifth embodiment mode, when the process is about
to be transferred to the wiring film patterning step (when
it is transferred from Fig. 16 (D) to 16(E)), it is sufficient
to merely peel the heat resistant film and thus simplified
process can be realized as a result.

[0140] Fig. 17 is a side view showing a polishing ma-
chine 11a of using for use of a sixth embodiment mode
of a multi-layer wiring board manufacturing method ac-
cording to the present invention. In the drawing, 12 de-
notes a base (base member) of the polishing machine
11a for wiring board and 13 denotes a suction table pro-
vided on the base 12. When the multi-layer metal plate
1ais located on the upper surface of the table, the table
strongly sucks the plate by vacuum suction and holds
it. 14, 14, ... denote column supports. An X-directional
moving mechanism 15 which moves in an X-direction
(horizontal direction in the drawing) is supported by the
column supports 14, 14, ...

[0141] The above X-directional moving mechanism
15 causes an X-directional moving drive motor 17 to ro-
tate a spindle 16 extended in the X-direction so that an
X-directional moving body 18 is moved in the X-direction
while it is guided by an X-directional guide body 19 in
parallel to the metal plate 1a. This corresponds to the
cutter moving in parallel to the metal plate 1a of Claim
16.

[0142] The X-directional moving mechanism 15 will
be specifically described. A male screw is formed on an
outer circumferential surface of the above spindle 16. In
addition, the X-directional moving body 18 has a female
screw portion which is not shown. The above spindle 16
is screwed into the female screw portion. Thus, when
the spindle 16 is rotated by the motor 17, the X-direc-
tional moving body 18 can be moved in the X-direction
in parallel to the metal plate 1a.

[0143] 20 denotes a Y-directional moving mechanism
attached perpendicular to the above X-directional mov-
ing body 18, which moves a Y-directional moving mech-
anism 21 in a Y-direction (vertical direction to the metal
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plate 1ain Fig. 17). In other words, when a Y-directional
moving drive motor 22 is rotated, the Y-directional mov-
ing mechanism 20 moves the Y-directional moving
mechanism 21 while guiding it in the Y-direction by a Y-
directional guide body 23 set vertical to the

[0144] metal plate 1a. The Y-directional moving
mechanism 20 corresponds to a height adjusting mech-
anism in claim 17.

[0145] When a Z-directional moving drive motor
which is not shown is rotated, the above Z-directional
moving mechanism 21 can move a Z-directional moving
body 24 in a Z direction (direction from a paper rear side
to a paper front side or reversely in parallel to the metal
plate 1ain Fig. 17). A cutter holding means 25 for hold-
ing a cutter 26 having a large width is fixed to the Y-
directional moving body 24.

[0146] Polishing by the polishing machine 11a for wir-
ing circuit members as shown in Fig. 17 is conducted as
follows.

[0147] First, the multi-layer metal plate 1a is set on
the suction table 13, strongly sucked by vacuum suction,
and held. Note that the metal plate 1a is polished by the
polishing machine 11a for wiring board.

[0148] Then, the cutter holding means 25 is moved to
the left side such that the cutter 26 is located in the left
side of the left end of the metal plate 1a. In addition, a
Y-directional positioning is conducted according to the
rotation of a Y-directional moving drive motor which is
not shown and further, the height of the cutter 26 is ad-
justed according to the rotation of the Y-directional mov-
ing drive motor 22. When the adjustment is completed,
the cutter holding means 25 is moved to the right side
by the X-directional moving drive motor 17 to conduct
polishing. Fig. 17 shows a state during the polishing.
[0149] When moving to the right side is completed,
the cutter holding means 25 is returned to the initial left
side end in the X-direction. Next, the cutter holding
means 25 is moved in the Z-direction by the width of the
cutter 26. In addition, the cutter holding means 25 is fur-
ther moved to the right side to conduct polishing.
[0150] When such polishing is repeated and polishing
over the entire region of the metal plate 1a completed,
the metal plate 1a is removed, a next metal plate 1a is
set, and polishing to this is similarly repeated.

[0151] According to such polishing using the polishing
machine 11a for wiring board, when the cutter 26 is
moved by only 1 stroke, polishing can be conducted on
an area corresponding to the product of a length of 1
stroke and the width of the cutter 26. Thus, polishing
efficiency can be improved. Accordingly, a large number
of metal plates 1a can be polished in an extremely short
time and in a manner of mass production.

[0152] Therefore, manufacturing costs and manufac-
turing prices for a wiring board composed of the metal
plate 1a and an electronic member using the wiring
board, and further an electronic device using the elec-
tronic member can be reduced.

[0153] Note that a vibration means for applying low
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frequency vibration or ultrasonic vibration for the cutter
26 is provided to the above cutter holding means 25,
and it can be moved parallel to the surface of the metal
plate 1a to conduct polishing while the low frequency
vibration or the ultrasonic vibration for the cutter 26 is
conducted by the cutter holding means 25. Thus, the
surface can be smoothly and preferably finished.
[0154] Fig. 18 is a side view showing a polishing ma-
chine for use of a seventh embodiment mode of a multi-
layer wiring board manufacturing method of the present
invention. In the drawing, 30a denotes a rough polishing
portion and 30b denotes a finish polishing portion. Both
are located such that finish polishing is conducted by
the finish polishing portion 30b immediately after the
metal plate 1a for which rough polishing is completed
by the rough polishing portion 30a is aligned. With re-
spect to the rough polishing portion 30a and the finish
polishing portion 30b, roughnesses of whetstones 32
around whetstone rollers 31 rotated by motors which are
not shown are different. The whetstone roller 31 of the
rough polishing portion 30a is rough and the whetstone
roller 31 of the finish polishing portion 30b is fine. Except
for this point, the configuration is substantially the same.
Thus, only one 30a will be described in detail and the
description of different point with respect to the other
30b will be omitted.

[0155] 33 denotes a carrying belt for carrying the met-
al plate 1a. 34 denotes a cover which is provided to pre-
vent the metal plate 1a from deviating downward. 35 de-
notes a carrying roll which is vertically shifted by an air
cylinder 36 and acts to carry the metal plate 1a between
the whetstone roller 31 and a backup roller 37.

[0156] The above backup roller 37 presses the metal
plate 1a to the whetstone roller 31 by the air cylinder 36.
[0157] 39 denotes a dust collecting cover for collect-
ing dust produced by polishing. 40 denotes an alignment
stopper located over the carrying belt 33 for carrying
from the rough polishing portion 30a to the finish polish-
ing portion 30b, which is driven by an air cylinder 41 and
adjusts the direction of the metal plate 1a for which finish
polishing is to be conducted after the rough polishing.
[0158] Polishing by a polishing machine 11b for wiring
board as shown in Fig. 18 is conducted as follows.
[0159] When the metal plate 1a is put on the carrying
belt 33 in the front side (right side in Fig. 18) of the rough
polishing portion 30a, the metal plate 1a is carried by
the carrying belt 33 and guided by the carrying roller 35
between the whetstone roller 31 and the backup roller
37 which rotate. Then, it is entered with pressing be-
tween the whetstone roller 31 and the backup roller 37
which rotate, and during passing therebetween, the
metal plate 1a is roughly polished by the whetstone roll-
er 31 and discharged. Note that the metal plate 1ais set
such that the surface to be polished is in contact with
the whetstone roller 31.

[0160] Then, itis carried to the finish polishing portion
30b side by the carrying belt 33 and aligned by an align-
ment stopper 40. When the alignment is completed, the
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alignment stopper 40 is lifted, the metal plate 1a is car-
ried to the finish polishing portion 30b side by the carry-
ing belt 33, guided between the whetstone roller 31 and
the backup roller 37, and polished for finish. Then, it is
discharged from a space between the whetstone roller
31 and the backup roller 37 and carried by the carrying
belt 33 to complete polishing.

[0161] According to such a polishing machine 11b for
wiring board, when the metal plate 1a is set on the car-
rying belt 33 in the front side of the rough polishing por-
tion 30a, the rough polishing and the finish polishing are
automatically conducted in succession. Thus, polishing
with high efficiency can be made to proceed in a manner
of mass production.

[0162] Note that, instead of the polishing rollers, buff
rollers may be used as the rollers 31 and 31 of the rough
polishing portion 30a and the finish polishing portion
30b. In this case, it is needless to say that a roller which
is rough with respect to surface roughness is used as
the buff roller 31 of the rough polishing portion 30a and
a roller which is fine with respect to surface roughness
is used as the buff roller of the finish polishing portion
30b.

[0163] Figs. 19(A) and 19(B) show a polishing ma-
chine 11¢ of an eighth embodiment mode of a multi-layer
wiring board manufacturing method according to the
presentinvention. Fig. 19(A) is a perspective view of the
polishing machine 11c¢ for wiring board and Fig. 19 (B)
is a side view showing a state of polishing by a cutting
roller.

[0164] 12 denotes a base (base member) which has
in its inner portion an X-directional carrying mechanism
for carrying a pair of column supports 14 and 14 in an
X-direction through both side portions, which is not
shown. The X-directional carrying mechanism corre-
sponds to a cutting roller parallel moving mechanism of
claim 22. 13 denotes a suction table provided on the
base 12 within moving regions of the both side portions
in which the column supports 14 and 14 move, which
strongly sucks the metal plate 1a by vacuum suction and
holds to support it.

[0165] 15 denotes an Y-directional moving mecha-
nism, which moves a Y-directional moving body (not
shown) by a Y-directional moving motor 17. 20 denotes
a Z-directional moving mechanism attached to the Y-di-
rectional moving body (not shown), which guides a Z-
directional moving plate 50 in a Z-direction by a Z-direc-
tional guide body 23 and moves it by a Z-directional
moving drive motor 22. The Z-directional moving mech-
anism 20 corresponds to a height adjusting mechanism
of claim 22.

[0166] A cutting roller 51 is provided to be rotatable in
the lower portion of the above Z-directional moving plate
50 and a motor 52 for rotating it is provided in the upper
portion. In the cutting roller 51, a plurality of cutters 53,
53, (Fig. 19(B))... each having a large width are formed
on its peripheral surface in parallel to the rotational axis
of the cutting roller 51 and cutting edges are protruded
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in a direction close to the tangential direction. The cut-
tingroller 51 is attached to the Z-directional moving body
50 in a direction in which the rotational axis becomes
parallel to the surface of the suction table 13. In addition,
a reference guide roller 54 which acts as a pilot is at-
tached to the Z-directional moving plate 50 slightly be-
fore the cutting roller 51. The reference guide roller 54
is controlled such that it is passed through a portion in
which bumps are not present and acts as a pilot in Y-
directional position control.

[0167] The cutting roller 51 in the lower portion of the
Z-directional moving plate 50 is rotated by the above
motor 52 in the upper portion. Specifically, a belt is put
between a pulley fixed to the rotational shaft of the motor
52 and a pulley fixed to the rotational shaft of the cutting
roller 51. The rotation of the motor 52 is transmitted to
the cutting roller 51 through the belt so that the cutting
roller 51 is rotated as shown in Fig. 19(B).

[0168] Note that 55 denotes a dust collecting unit for
collecting dust produced by polishing.

[0169] Polishing by the polishing machine 11c for wir-
ing board as shown in Fig. 19 is conducted as follows.
[0170] The metal plate 1a is set on the suction table
13. The metal plate 1a is then strongly held by vacuum
suction. A height of the cutting roller 51 is adjusted by
driving the Z-directional moving drive motor 22. While
the X-directional moving mechanism which is provided
in the base 12 and not shown is moved in the X-direc-
tion, the surface portion of the metal plate 1a on the suc-
tion table 13a is polished by cutting roller 51 rotated by
the motor 52. Then, when polishing by movement cor-
responding to 1 stroke in the X-direction is completed,
it is returned to the X-direction. Next, the cutting roller
51 is shifted by about its width by the Y-directional mov-
ing mechanism 15 and next polishing corresponding to
1 stroke in the X-direction is conducted. Hereafter, pol-
ishing is continued until polishing over the entire region
of the metal plate 1a completed.

[0171] According to such polishing using the polishing
machine 11c for wiring board as shown in Fig. 19, when
it is moved by only 1 stroke while the cutting roller 51 is
rotated, polishing can be conducted by an area corre-
sponding to the product of a length of 1 stroke and the
width of the cutter 53 of the cutting roller 51. Thus, pol-
ishing efficiency can be improved. Accordingly, a large
number of metal plates 1a are polished in an extremely
short time and in a manner of mass production.

[0172] Therefore, manufacturing costs and the price
of a manufactured wiring board composed of the metal
plate 1a and an electronic member using the wiring
board, and an electronic device using the electronic
member can be reduced.

[0173] Figs. 20(A) to 20(D) are explanatory views of
a ninth embodiment mode of a multi-layer wiring board
according to the present invention. Fig. 20(A) is a sec-
tional view of a metal (copper) plate 1a containing main-
ly copper, Fig. 20(B) is a sectional view of a processed
metal plate 1a and a copper plate (layer) 202 bonded
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thereto, Fig. 20(C) shows a section of the copper plate
202 welded with pressure to bumps, and Fig. 20(D) is a
table indicating a reason why Vickers hardness of the
metal plate 1a is set to 80 to 150 Hv.

[0174] The above metal plate 1a shown in Fig. 20(A)
is formed by plating a nickel layer 402 (for example 1um
in thickness) on the surface of a substantially pure cop-
per layer 302 which has a thickness of for example about
100um and is made of tough pitch copper, alloy copper,
and electrolytic copper foil. Further, it may be obtained
by forming a copper layer (for example 18 um in thick-
ness) 505 on the surface of the nickel layer 402 by plat-
ing or a clad method.

[0175] In the metal plate 1a, the copper layer 302 is
made of substantially pure copper and its hardness is
adjusted (adjusted by the degree of rolling, annealing,
composition of plating, or the like) such that Vickers
hardness becomes 80 to 150 Hv. This is a characteristic
of the metal plate 1a in this embodiment mode.

[0176] In the metal plate 1a, the copper layer 302 is
selectively etched to form bumps 2a. After a resist used
as a mask film at this etching is removed, an insulating
sheet is laminated, an insulating layer 7 for interlayer
insulation is formed by pressure application, and the
copper layer (copper foil) 202 is laminated thereon. Fig.
20(B) shows the metal plate 1a and the copper layer
202 before this lamination and Fig. 20(C) shows the
metal plate 1a and the copper layer 202 after the lami-
nation. As in the case of the copper layer 302 of the met-
al plate 1a, the hardness of the copper layer 202 is also
adjusted (adjusted by mixing of an impurity, an anneal-
ing manner, or the like) such that Vickers hardness be-
comes 80 to 150 Hv. This is a characteristic of the cop-
per layer 202 in this embodiment mode.

[0177] Fig. 20(D) shows using a table a reason why
Vickers hardness is set to 80 to 150 Hv with respect to
hardnesses of the copper layer 302 of the metal plate
1a and the copper layer 202 laminated thereon as de-
scribed above.

[0178] Fig.20(D) specifically shows whether or not re-
spective wiring circuit forming boards manufactured by
changing the hardnesses of the copper layer 302 and
the copper layer 202 of the metal plate 1a to 62 Hv, 81
Hv, 103 Hv, 135 Hv, and 155 Hv are accepted according
to an HO (hot oil) test, a solder heat resistance test, a
PCT (pressure cooker test), and a migration test. "o0" in-
dicates acceptance and "X" indicates rejection. In Fig.
20(D), the hardness indicates Vickers hardness [Hv] as
a matter of course.

[0179] Also, the HO test is the following test. A com-
pleted copper member (hereinafter referred to as a
"work") is immersed for a predetermined time (10 sec-
onds in this example) in silicon oil heated at a predeter-
mined high temperature (260°C in this example). Imme-
diately after that, itis immersed for a predetermined time
(20 seconds in this example) in silicon oil kept at a pre-
determined low temperature (20°C in this example).
These operations are repeated predetermined times
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(for example 50 times). A test piece including a daisy
pattern in which copper patterns repeated in a vertical
direction through a connection portion are connected in
series is used and it is determined whether or not coef-
ficient of variation in a resistance value of a series re-
sistance is 10% or less as compared with an initial value.
[0180] The solder heat resistance test is the following
test. The work is immersed for a predetermined time in
a solder tank which is heated at a predetermined tem-
perature (260°C in this example) and becomes a melt-
ing state, and it is examined whether or not failure (peel-
ing of the copper layer 302 or the like) is caused. In ad-
dition, it is determined whether or not failure is caused
based on whether or not a change in a resistance value
of the daisy pattern before and after the above process-
ing is 10% or less.

[0181] The PCT is the following test. Water is entered
into a pressure vessel. A test piece is put on a cage or
the like in the pressure vessel and kept in a position
higher than a liquid level of the water. The water is heat-
ed at a predetermined temperature (121°C in this exam-
ple) to keep the inner portion of the pressure vessel at
a predetermined vapor pressure (2 atmospheric pres-
sures in this example) for a predetermined time (24
hours in this example). It is examined whether or not a
variation in resistance value is within 10% and whether
or not failure (peeling of the copper layer 302 or the like)
such as blistering or peeling is caused.

[0182] The migration testis the following test. A wiring
film which is made from a copper layer and in which a
comb tooth shaped positive electrode and a comb tooth
shaped negative electrode are opposite to each other
at a predetermined interval is formed on a wiring circuit
forming board. A predetermined voltage (for example
DC 50 V) is applied between the electrodes of the wiring
film. Thus, it is detected from a migration phenomenon
of pattern metal whether or not a short circuit phenom-
enon between a plus pole and a minus pole is caused
in a predetermined time (for example 1000 hours) or
whether or not a current leakage which is supposedly
caused when an insulating resistance becomes 108 Q
or less by the reduction thereof is caused.

[0183] As is apparent from Fig. 20(D), in the case
where Vickers hardness is 62 Hv, when a test piece in
which electrical connection is provided is tested, it is ac-
cepted in accordance with the migration test. However,
it is rejected in accordance with the HO test, the solder
heat resistance test, and the PCT. Thus, when Vickers
hardness is a low value such as 62 Hy, interface peeling
is caused between the upper surface of the bump 2a
and the copper layer 202, a pressure welding portion
contact area therebetween is narrowed, a resistance is
increased, and a pressure welding portion between the
copper bump and the copper layer is reduced. In addi-
tion, because the pressure welding state is unstable,
connectivity is deteriorated and long-term reliability is
reduced.

[0184] Conversely, when Vickers hardness is in-
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creased to be larger than 120 Hy, for example, when it
is increased to about 155 Hy, there is no problem with
respect to the HO test, the solder heat resistance test,
the PCT, and the migration test. However, the bump is
hard to deform at pressing and the copper layer as
shown in Fig. 20(D) is bulged. Thus, when the following
patterning is conducted, a photosensitive resist cannot
be preferably coated and it cannot be made in contact
with a mask in exposure. Accordingly, a problem such
as frequent occurrence of defective pattern formation is
caused.

[0185] In contrast to this, when Vickers hardness is
80 to 150 Hy, satisfied test results are obtained with re-
spect to the HO test, the solder heat resistance test, the
PCT, and the migration test. In addition, there is no de-
fective patterning during the process and it is accepted.
[0186] Therefore, in this embodiment mode, as de-
scribed above, the copper layer 302 having Vickers
hardness of 80 to 150 Hv is used as a metal plate 1a
and a layer having Vickers hardness of 80 to 150 Hv is
used as the copper layer 202 to be laminated.

[0187] A technique according to this embodiment
mode can all be applied to manufacturing of a wiring cir-
cuit forming board of a type in which a bump is used as
upper and lower wirings interconnecting means using a
copper material and wirings formed by copper pattern-
ing are electrically connected with each other through
the bump.

[0188] Figs. 21(A) to 21(E) show a tenth embodiment
mode of a multi-layer wiring board manufacturing meth-
od according to the present invention. Figs. 21(A) to 21
(D) are sectional views showing the manufacturing
method in step order. Fig. 21(E) shows by way of a table
good/poor states of a bump forming member side and
copper foil (copper layer) laminated thereon with re-
spect to various processing contents.

[0189] (A) Copper foil 202 (corresponding to the cop-
per foil (copper layer) 202 shown in Fig. 20(B)) is pre-
pared and soft etching processing using an ammonium
persulfate solution or the like is performed therefor as
shown in Fig. 21(A). The prepared copper foil 202 falls
under the category of electrolytic copper foil. However,
the surface of commercially available foil is firstly proc-
essed by zinc plating, processed using chromate, and
processed by silane coupling. When this is used without
being processed, a hard oxide film and an insulating lay-
er of an organic matter are formed on copper between
the upper surface of a copper bump and the surface of
a copper wiring film. Accordingly, an electrical connec-
tion property after lamination is insufficient.

[0190] Thus, as shown in Fig. 21(A), soft etching
processing is performed. According to this processing,
in order to remove an oxide and an organic matter on
the surface of copper to expose a pure copper layer, soft
etching bath using an aqueous solution containing
mainly ammonium persulfate is used to obtain a pure
copper surface.

[0191] Therefore, the copper foil 202 may be immedi-
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ately laminated on the metal plate 1a (see Fig. 20(B)).
Note that, in order to improve contact between the cop-
per foil 202 and bumps 2a, it is preferable that the fol-
lowing blackening processing is performed and reduc-
tion processing is further performed for the following
reason. When the soft etching processing as shown in
Fig. 21(A) is performed, the surface becomes a smooth
surface so that the contact between the bumps 2a and
the copper foil 202 becomes insufficient. Thus, contact
between an insulating resin and the copper layer cannot
be ensured unless somewhat uneven surface is formed.
[0192] (B) Next, as shown in Fig. 21(B), blackening
processing is performed. Specifically, oxidation is con-
ducted using for example a hydrogen peroxide solution
as a processing solution. Then, needle shaped crystal-
line matter made of copper oxide and copper is formed
on the surface of the copper foil 202. The needle shaped
crystalline matter forms unevenness on the surface of
the copper foil 202.

[0193] (C) Next, as shown in Fig. 21(C), reduction
processing is performed. A solution containing mainly
for example dimethylaminoborane or caustic soda is
used as a reduction solution. Then, of the needle
shaped crystalline matter containing mainly the copper
oxide which is produced on the surface of the copper
foil 202 by the blackening processing shown in Fig. 21
(B), the copper oxide is reduced. Thus, a state in which
only the copper of the needle shaped crystalline matter
is formed on the surface of the copper foil is obtained
and the surface of the copper foil 202 becomes a state
in which unevenness is produced.

[0194] (D) Immediately after that or while storing the
foil so as not to oxidize the surface of copper, the copper
foil 202 is laminated on the metal plate 1a (which is the
same as the metal plate 1a shown in Fig. 20(A)) as
shown in Fig. 21(D).

[0195] Fig. 21(E) shows the kinds of processings per-
formed for the copper foil 202 and judgement of good/
poor with respect to initial electrical conductivity of the
copper foil and contact property thereof to the insulating
resin in correspondence with the above processings, in
which "0" indicates good and "X" indicates poor.
[0196] In Fig. 21(E), "no processing" as a kind of
processings indicates the case where commercially
available electrolytic copper foil for which zinc plating,
chromate processing, and silane coupling processing
are performed is used as it is. "The blackening process-
ing" indicates the case where common copper foil for
which processings such as zinc plating, chromate
processing, and silane coupling processing are per-
formed as the copper foil 202 is processed by soft etch-
ing to remove a layer processed, and then blackening
processing is performed. Reduction processing after
that is called "blackening reduction processing".
[0197] As is apparent from this drawing, it is prefera-
ble that at least blackening reduction processing is per-
formed for the copper foil 202 before lamination on the
metal plate 1a. With respect to the soft etching, the elec-
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trical conductivity is good but the roughness of the sur-
face of copper foil obtained is insufficient. Thus, it is not
practical in view of the resulting inferior adhesive prop-
erty thereof to the resin.

[0198] Note that, it can be said that performing black-
ening reduction processing also for the upper surfaces
of the bumps 2a of the metal plate 1a is even more pref-
erable in reducing a contact resistance. In addition, it
can be said that blackening reduction processing is
even more preferable in improving the connection be-
tween the bumps 2a and the copper foil 202.

[0199] Figs. 22(A) to 22(C) are sectional views show-
ing an eleventh embodiment mode of a multi-layer wir-
ing board manufacturing method according to the
present invention in step order. In this embodiment, the
multi-layer wiring board manufacturing method is as fol-
lows. Respective metal plates 1a and 1b in which an
insulating layer is formed in a portion between respec-
tive bumps on bump forming side surfaces of copper foil
in which the bumps are selectively formed (see Fig. 22
(A)) are laminated on both surfaces of a wiring board 10
in which wiring films are formed on both surfaces of an
insulating plate and the wiring films on both surfaces of
the insulating plates are electrically connected with each
other through a through hole (see Fig. 22(B)). Further,
the copper foils of the metal plates 1a and 1b are pat-
terned to form wiring films.

[0200] (A) As shown in Fig. 22(A), the metal plates 1a
and 1b in which the formation of bumps 2a by selective
etching of copper foils 505 and the formation of an in-
terlayer insulating layer 7 by lamination of an insulating
sheet are completed are prepared, and blackening re-
duction processing is performed for the surfaces of at
least the bumps 2a.

[0201] The processing can be performed as in the
case of the embodiment mode as shown in Fig. 21.
[0202] Note that 505 denotes copper foils composing
bases of the metal plate 1a and 1b, which are patterned
by selective etching later to become wiring films. 2a de-
notes bumps formed by selective half etching of the cop-
per foils 505 (half etching is an etching in which the etch-
ing thickness is thinner than the thickness of the copper
foil 505, and not necessarily limited to a thickness of
1/2). In this example, the metal plate 1a and 1b in which
no etching barrier layers (see the portion indicated by
reference numeral 4 in Fig. 10(A)) are located are used.
However, in this embodiment mode, the metal plate 1a
having an etching barrier layer 402 as shown in Fig. 20
(A) may be used.

[0203] (B) Next, as shown in Fig. 22 (B) , the above
metal plates 1a and 1b are positioned on both surfaces
of the wiring board 10 such that the respective bumps
2a are matched to corresponding wiring films 110 made
of copper, which are located on both surfaces of the wir-
ing board 10 and for which roughness processing, pref-
erably, blackening reduction processing is performed,
laminated thereon, pressurized, and integrally formed.
The lamination and the integral formation prevent oxidi-



33 EP 1377 145 A1 34

zation, and the above blackening reduction processing
allows a more preferable pressure welding state be-
tween the copper wiring films 110 and the copper bumps
2a. Alternatively, it is preferably conducted as soon as
possible immediately after the blackening processing
and subsequent reduction processing. Note that 120 de-
notes an insulating plate composing a base of the wiring
board 10, 130 denotes a through hole which penetrates
the insulating plate 120, and 140 denotes a through hole
wiring film which is formed on the surface of the through
hole 130 to provide interconnection between upper and
lower wirings.

[0204] (C) Afterthat, as shown in Fig. 22 (C) , the cop-
per foils 505 of the above metal plates 1a and 1b are
selectively etched to form wiring films 15.

[0205] According to this embodiment mode, since, af-
ter oxides on the upper surfaces of the bumps 2a of the
metal plates 1a and 1b are removed, and, needle
shaped crystallization blackening processing for obtain-
ing roughness and reduction processing for reducing
the oxides produced by the blackening processing are
performed to improve the connection, the metal plates
1a and 1b can be laminated on both surfaces of the wir-
ing board 10, an electrical resistance between the
bumps 2a and the wiring films 110 can be reduced.
[0206] Also, with respect to the wiring board 10, as
well as in the case of the metal plates 1a and 1b, it is
preferable that blackening reduction processing is per-
formed for the wiring films 110 which are located on both
surfaces and made of copper. Thus, a contact resist-
ance between the bumps 2a and the wiring films 110
can be further reduced and the connection property can
be further improved.

[0207] Figs. 23(1) to 23(7) are sectional views show-
ing a twelfth embodiment mode of a multi-layer wiring
board manufacturing method according to the present
invention in step order and Figs. 23(11) to 23(15) are
sectional views showing a modified example of the
twelfth embodiment mode in step order.

[0208] First, the twelfth embodiment mode will be de-
scribed with reference to Figs. 23(1) to 23(7). In this em-
bodiment, in order not to deposit a polishing powder on
a product, an interlayer insulating layer 7 is formed in a
region in which the bumps 2a are not formed, of a metal
plate 1a in which the bumps 2a are formed on the sur-
face of copper foil 505

[0209] In other words, the present applicant has de-
veloped as an interlayer insulating layer forming method
amethod of laminating a sheet interlayer insulating layer
7 in a bump forming surface side of the metal plate 1a
with a state in which a peeling film is overlapped there-
with so that the sheet interlayer insulating layer 7 is pen-
etrated by the bumps 2a. However, with respect to this
method, when the lamination is conducted and then pol-
ishing is conducted for the bump forming surface side
of the metal plate 1a to expose the surfaces of the
bumps 2a, there is a possibility that a polished powder
is produced from a release film, copper, and the like and
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deposited onto a product. The twelfth embodiment
mode is intended to eliminate such a defect.

[0210] (1) As shown in Fig. 23(1), a laminate of a re-
lease film 31, the sheet interlayer insulating layer 7, a
release film 31, and slit sheets 32 consisting of for ex-
ample three overlapped sheets is provided to the bump
forming surface side of the metal plate 1a in which the
bumps 2a are formed on one surface of the copper foil
505.

[0211] (2) Next, the laminate of the release film 31,
the sheet interlayer insulating layer 7, the release film
31, and the slit sheets consisting of for example three
overlapped sheets 32, 32, and 32 is laminated on the
bump forming surface of the metal plate 1a so that a
state in which the lowermost release film 31 and the in-
terlayer insulating layer 7 are penetrated by the bumps
2ais obtained. After that, for example the slit sheets con-
sisting of for example three overlapped sheets 32 are
removed. Fig. 23(2) shows a state after the removal of
the slit sheets 32. In this step, respective bump holes
33 which are engaged with the respective bumps 2a are
formed in the interlayer insulating layer 7.

[0212] (3) After that, the bump forming surface of the
metal plate 1a is polished to expose the upper portions
of the respective bumps 2a as shown in Fig. 23(3).
[0213] (4) Next, as shown in Fig. 23(4), the three-layer
structure portion composed of the release film 31, the
interlayer insulating layer 7, the release film 31 is sep-
arated from the metal plate 1a. It is needless to say that
the bump holes 33 which are engaged with the respec-
tive bumps 2a and penetrated thereby are formed cor-
responding to them in the three-layer structure portion.
[0214] (5) Next, from the three-layer structure body
composed of the release film 31, the interlayer insulating
layer 7, the release film 31, the release films 31 and 31
located to both surfaces thereof are removed. Thus, as
shown in Fig. 23(5), the interlayer insulating layer 7 in
which the bump holes 33 are formed is left.

[0215] (6) Next, as shown in Fig. 23(6), the above in-
terlayer insulating layer 7 is positioned on the bump
forming surface of the above metal plate 1a such that
the respective bump holes 33 correspond to the respec-
tive bumps 2a, and faces them. In addition, a copper
layer 202 for wiring film formation faces the interlayer
insulating layer 7 from above.

[0216] (7) Next, as shown in Fig. 23(7), the above in-
terlayer insulating layer 7 and the above copper layer
202 are pressurized to the above metal plate 1a and in-
tegrally formed. The multi-layer wiring board manufac-
turing method shown in Figs. 23(1) to 23(7) corresponds
to an embodiment mode of the present invention of
claim 27.

[0217] According to the embodiment mode, the for-
mation of the interlayer insulating layer 7 to a portion in
which the bumps 2a are not formed on the copper foil
505 of the metal plate 1a is as follows. A layer having
the bump holes 33 to be engaged with the respective
bumps in portions corresponding to the respective
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bumps 2a is prepared as the interlayer insulating layer
7. The interlayer insulating layer 7 is overlapped on the
above copper foil 505 by engaging the above respective
bump holes 33 with the bumps 2a corresponding there-
to. Further, the copper layer 202 for wiring film formation
on the above interlayer insulating layer is heated and
pressurized. Thus, there is no possibility that a polished
powder is produced and deposited onto a product in the
case where polishing is conducted to expose the bumps
with a state in which for example a release film is over-
lapped and then lamination is conducted.

[0218] Figs. 23(11) to 23(15) are sectional views
showing a modified example of the embodiment mode
shown in Figs. 23(1) to 23(7) in step order.

[0219] According to this modified example, the bump
holes 33 in the interlayer insulating layer 7 are formed
by performing selective etching processing for the inter-
layer insulating layer 7, and only a method of forming
the bump holes 33 is different from the embodiment
mode in which the bump holes 33 are formed in a man-
ner of a transfer method and shown in Figs. 23 (1) to 23
(7).

[0220] Hereinafter, the modified example will be de-
scribed in step order with reference to Figs. 23(11) to 23
(15).

[0221] (11) First, the interlayer insulating layer 7 is
prepared and a mask form 34 is put on the surface there-
of. The mask form 34 has openings 35 in locations cor-
responding to the bumps 2a of the metal plate 1a. The
mask form 34 can be formed by a method of preparing
a plate body made of metal or the like, such as for ex-
ample stainless steel and patterning it by photo etching
(formation, exposure, and development of a photo resist
film). Fig. 23(11) shows a state in which the mask form
34 is put on the interlayer insulating layer 7.

[0222] (12) Next, as shown in Fig. 23(12), the above
form 34 is used as a master form and the sheetinterlayer
insulating layer 7 is selectively irradiated with laser light
to form the bump holes 33 in the interlayer insulating
layer 7.

[0223] (13) After that, the mask form 34 is removed,
and as shownin Fig. 23(13), the interlayer insulating lay-
er 7 in which the bump holes 33 are formed is complet-
ed.

[0224] (14) Next, as shown in Fig. 23(14), the above
interlayer insulating layer 7 is positioned on the bump
forming surface of the above metal plate 1a such that
the respective bump holes 33 correspond to the respec-
tive bumps 2a, and faces them. In addition, the copper
layer 202 for wiring film formation faces the interlayer
insulating layer 7 from above.

[0225] (15) Next, as shown in Fig. 23(15), the above
interlayer insulating layer 7 and the above copper layer
202 are pressurized to the above metal plate 1a and in-
tegrally formed. The multi-layer wiring board manufac-
turing method shown in Figs. 23(11) to 23(15) corre-
sponds to an embodiment mode of the presentinvention
in claim 28.
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[0226] Evenin such a modified example, the same ef-
fect as the embodiment mode shown in Figs. 23(1) to
23(7) can be obtained.

[0227] Note that the formation of the bump holes 33
into the interlayer insulating layer 7 or the formation of
the interlayer insulating layer 7 having the bump holes
33 is not necessarily limited to the above example. The
bump holes 33 may be formed by a drill or laser. In ad-
dition, various variations may be taken in this respect,
such as putting a roller, which has on its surface protru-
sions corresponding to portions in which the bump holes
are to be formed, onto the interlayer insulating layer 7
and rotating it so that the portions corresponding to the
protrusions are dropped to form the bumps 33, or form-
ing the interlayer insulating layer 7 having the bump
holes 33 by printing.

[0228] Figs. 24(1) to 24(5) are sectional views show-
ing a thirteenth embodiment mode of a multi-layer wiring
board manufacturing method according to the present
invention in step order. This embodiment mode is made
such that the height of the bump can be increased. The
height of the bump of the multi-layer wiring board is for
example about 100 um in many cases. There is also a
case where it is necessary to increase the height of a
bump 2a. However, it is difficult to respond to this re-
quirement by a conventional technique. This is because,
in order to increase the height of the bump, it is neces-
sary as a matter of course to increase an etching depth
at the time of selective etching for forming the bump,
and the amount of side etching increases with increas-
ing the etching depth, which hinders formation of fine
pattern. Thus, in this embodiment mode, the height of
the bump is increased without hindering such fine pat-
tern formation.

[0229] Hereinafter, the thirteenth embodiment mode
will be described in step order with reference to Figs. 24
(1) to 24(5).

[0230] (1) First, as shown in Fig. 24(1), a metal plate
1a in which the bumps 2a are formed on a copper layer
505 and an interlayer insulating layer 7 is formed in a
portion in which the bumps 2a are not formed, and an
extension bump forming copper plate (for example 100
um in thickness) 351 are prepared, and the metal plate
1ais laminated on one main surface of the copper plate
351 by pressurizing with a state in which a bump 2a
forming side surface faces the one main surface of the
copper plate 351.

[0231] (2) Next, as shown in Fig. 24(2), photo resist
films 371 are formed on both main surfaces of a laminate
body of the metal plate 1a and the copper plate 351. The
photo resist films 371 are used as etching masks for
forming extension bumps (381) from the copper plate
351. Note that the extension bumps (381) are formed
so as to position them in locations corresponding to the
respective bumps 2a of the above metal board 1a.
[0232] (3) Next, as shown in Fig. 24(3), the photo re-
sist films 371 are patterned by exposure and develop-
ment, the copper plate 351 is selectively etched using
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the patterned photo resist films 371 as masks to form
the extension bumps 381 whose bottoms are in contact
with the top portions of the respective bumps 2a of the
metal plate 1a.

[0233] (4) Next, as shown in Fig. 24(4), an interlayer
insulating layer 391 for insulating between the respec-
tive adjacent extension bumps 381 and layers is formed
in a portion in which the extension bumps 381 from the
copper plate 351 are not formed. The interlayer insulat-
ing layer 391 can be formed by the same method as for
example a method of forming the interlayer insulating
layer 7 which is previously described and shown in Fig.
23 or may be formed by another method.

[0234] (5) After that, as shown in Fig. 24(5), a copper
layer 401 for wiring formation is laminated on the surface
of the interlayer insulating layer 391 and the surfaces of
the extension bumps 381 by pressurizing.

[0235] According to such a method, the practical
height of the bump becomes the sum of the height of
the bump 2a and the height of the extension bump 381
and thus becomes large. Therefore, the bumps that are
larger in height than a conventional ones can be formed.
[0236] Note that a series of steps in which the copper
layer 351 is laminated, selective etching is conducted
for the copper layer 351 to form the extension bumps
381, and the interlayer insulating layer 391 is formed are
repeated plural times. Thus, the amount of extension of
the bump height by the extension bumps 381 can be
also increased stepwise.

[0237] Fig. 25is a sectional view showing a fourteenth
embodiment mode of a multi-layer wiring board manu-
facturing method according to the present invention. In
this embodiment mode, before another member (for ex-
ample, copper foil 202 or a wiring board 10) is laminated,
a metal plate 1a in which the formation of bumps by se-
lective etching of copper foil and the formation of an in-
sulating layer 7 by lamination of insulating sheets are
completed is passed between rollers 31 and 31a, and
processing for polishing the surfaces of the bumps is
conducted therefor.

[0238] The roller 31 is a press roller, the roller 31a is
a polishing roller made of for example ceramics, and 33
denotes a carrying conveyor. The metal plate 1a is
placed on the carrying conveyor 33 such that a bump
forming side surface is in contact with the carrying con-
veyor 33, and passed between the rollers 31 and 31a to
conduct polishing.

[0239] Thus, after that, it is confirmed that a contact
resistance between the bump 2a obtained by laminating
the metal plate 1a and another member (for example,
the copper foil 202 or the wiring board 10) and the cop-
per foil 202 or wiring films 110 on both surfaces of the
wiring board 10 can be reduced and the connection ther-
ebetween can be improved.

[0240] Then, it is also confirmed that the reason why
the contact resistance can be reduced and the connec-
tion can be improved is that contamination of the sur-
faces of the bumps 2a by a resin and the like is removed.
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[0241] In other words, when an insulating sheet is
laminated on the metal plate 1a in which the formation
of the bumps 2a is completed to form an interlayer in-
sulating layer 7, a portion of a resin composing the in-
sulating layer 7 and another foreign matter are deposit-
ed onto the bump surfaces so that the bump surface is
contaminated. When the lamination is conducted with-
out removing the contamination, the contact resistance
between the bump and another member (for example,
the copper foil 202 or the wiring board 10) slightly in-
creases due to the contamination and percentage de-
fective becomes higher.

[0242] Therefore, as shown in Fig. 25, when polishing
processing is performed such that the metal plate 1a in
which the formations of the bumps and the interlayer in-
sulating layer are completed is passed between the roll-
ers 31 and 31a, a resin on the upper surfaces of the
bumps or a foreign matter by glass cloth and the like is
removed thereby. Accordingly, the contact resistance
between the bump 2a and the copper foil 202 or the wir-
ing films 110 on both surfaces of the wiring board 10 can
be reduced and the connection therebetween can be im-
proved.

INDUSTRIAL APPLICABILITY

[0243] In order to obtain a multi-layer wiring board
with high integration, instead of using a conventional
technique in which holes are formed in the insulating
board composing a base, the metal plating film for inter-
connecting upper and lower wirings is formed on the in-
ner peripheral surface thereof, and the holes are buried,
interconnection between upper and lower wirings is pro-
vided by using minute bumps such that wiring boards
can be laminated in succession at high integration. In
addition, in order to reduce an electrical resistance value
between a metal surface on which the bumps are
formed and a metal surface which is connected there-
with, Vickers hardness is set to 80 to 150 Hv. Further,
both metal surfaces are mechanically polished to keep
electrical connection between those contact surfaces.
Thus, a problem such as contact failure between them
is also solved and stability is realized in the multi-layer-
ing of the wiring boards. Accordingly, miniaturization of
the wiring board for an electronic device can be antici-
pated.

Claims

1. A method of manufacturing a multi-layer wiring
board, characterized by comprising at least a lam-
ination step of

preparing a plurality of multi-layer metal plates
in each of which a wiring film forming metal lay-
er or a wiring film is formed on a bump forming
metal layer through an etching stop layer,
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patterning a bump forming metal layer of a first
multi-layer metal plate to form a bump,

forming an insulating layer on a surface for
forming the bump so as to expose only a top

40

connecting the bump of another multi-layer
metal plate with the wiring film of a third multi-
layer metal plate to further laminate a multi-lay-
er metal plate on the multi-layer metal plate

portion of the bump from the insulating layer, 5 laminate body.
then, laminating a second multi-layer metal
plate on the bump of the first multi-layer metal 4. A method of manufacturing a multi-layer wiring
plate in a state where a wiring layer forming sur- board according to claim 3, characterized in that
face of the second multi-layer plate faces the
first multi-layer plate, 10 after all the laminations are completed, a wiring
then, forming a bump on a bump forming sur- film forming metal thin plate is laminated on the
face of the second multi-layer metal plate and insulating layer of the last laminated multi-layer
forming an insulating layer thereon so as to ex- metal plate in a state where it is connected with
pose only a top portion of the bump from the the bump, and
insulating layer, and 15 a wiring film is formed by patterning the wiring
then, laminating a third multi-layer metal plate film forming metal thin plate or by patterning the
by connecting a wiring film of the third multi-lay- wiring film forming metal thin plate and a wiring
er metal plate with the bump of the second mul- film forming metal layer of the one multi-layer
ti-layer metal plate. metal plate.
20
2. A method of manufacturing a multi-layer wiring 5. A method of manufacturing a multi-layer wiring
board according to claim 1, characterized in that board, characterized by comprising at least a lam-
ination step of
after all the laminations are completed, selec-
tive etching is conducted for a bump forming 25 preparing a multi-layer metal plate in which a
metal layer of the last laminated multi-layer wiring film is formed on a bump forming metal
metal plate to form a bump, layer through an etching stop layer,
an insulating layer is formed on the bump form- forming a bump forming metal layer on the en-
ing surface of the last multi-layer metal plate so tirety of a surface of the multi-layer metal plate
as to expose only a top portion of the bump from 30 on which the wiring film is formed, through at
the insulating layer, least the etching stop layer,
then a wiring film forming metal thin plate is patterning the bump forming metal layer in
laminated on the insulating layer in a state that which the bump forming metal layer is laminat-
it is connected with the bump, and ed through the etching stop layer, and the etch-
a wiring film is formed by patterning the wiring 35 ing stop layer to form a bump,
film forming metal thin plate or by patterning the forming an insulating layer on a surface on
wiring film forming metal thin plate and a wiring which the bump is formed so as to expose only
film forming metal layer of the one multi-layer a top portion of the bump from the insulating
metal plate. layer,
40 then, forming a wiring film or a wiring board hav-
3. A method of manufacturing a multi-layer wiring ing a wiring film, on a surface where the bump
board, characterized by comprising at least a lam- protrudes,
ination step of: patterning a bump forming metal layer, which is
formed on the entirety of a surface of the multi-
forming a wiring film on a bump forming metal 45 layer metal plate on which the wiring film is
layer through an etching stop layer; formed through at least an etching stop layer,
patterning the bump forming metal layer and and the etching stop layer, to form a bump,
the etching stop layer to form a bump; forming an insulating layer on a surface for
preparing a plurality of multi-layer metal plates forming the bump so as to expose only a top
in each of which an insulating layer is formed 50 portion of the bump from the insulating layer,
on a bump forming surface thereof so as to ex- and
pose only a top portion of the bump from the then, forming a wiring film or a wiring board hav-
insulating layer; ing a wiring film, on a surface where the bump
of the multi-layer metal plates, connecting the protrudes.
bump of a second multi-layer metal plate with 55
the wiring film of another multi-layer metal plate 6. A method of manufacturing a multi-layer wiring
to laminate the two multi-layer metal plates; board according to claim 1, 2, 3, 4, or 5, character-
and ized in that the wiring film of the multi-layer metal

21
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plate in which the wiring film is formed on the bump
forming metal layer through the etching stop layer
is formed by using as a base a bump forming metal
layer on which a wiring film forming metal layer is
formed through the etching stop layer and pattern-
ing the wiring film forming metal layer.

A method of manufacturing a multi-layer wiring
board according to claim 1, 2, 3, 4, or 5, character-
ized in that the wiring film of the multi-layer metal
plate in which the wiring film is formed on the bump
forming metal layer through the etching stop layer
is formed by using as a base a bump forming metal
layer on which the etching stop layer is formed and
selectively conducting wiring forming metal plating
for an anti-bump forming metal layer side surface
of the etching stop layer.

A method of manufacturing a multi-layer wiring
board, characterized by comprising:

preparing a plural kinds of basic wiring boards
with a multi-layer wiring structure in each of
which a wiring film is formed on at least one sur-
face of a multi-layer metal plate, a wiring film or
a wiring film forming metal plate is formed on
the other surface, interlayer insulation is provid-
ed by an insulating film, and interlayer connec-
tion is provided by a bump made of metal; and
laminating a plurality of basic wiring boards in-
cluding different kinds of boards from among
the plural kinds of basic wiring boards.

9. A method of manufacturing a multi-layer wiring

board according to claim 8, characterized in that

boards in each of which a wiring film is formed
on one surface and a wiring film forming metal
layer is formed on the other surface are select-
ed as the uppermost board and the lowermost
board, from among the plurality of basic wiring
boards to be laminated,

the plurality of basic wiring boards are laminat-
ed such that respective wiring film forming met-
al layers of the uppermost board and the low-
ermost board of the plurality of the basic wiring
boards to be laminated face toward the outside,
and

then, the wiring film forming metal layers of the
uppermost and lowermost basic wiring boards
are simultaneously patterned to form wiring
films of the uppermost layer and the lowermost
layer.

10. A method of manufacturing a multi-layer wiring

board, characterized by comprising:

a step of forming a reinforcing layer on one sur-

15

20

25

30

35

40

45

50

55

22

1.

12.

13.

14.

15.

42

face of a multi-layer metal plate for forming a
wiring board;

a step of laminating another member on a sur-
face of the multi-layer metal plate which is op-
posite to the reinforcing layer; and

then, a step of at least peeling the reinforcing
layer.

A method of manufacturing a multi-layer wiring
board, characterized by comprising:

a step of forming a reinforcing layer on one sur-
face of a multi-layer metal plate for forming a
wiring board;

a step of conducting patterning and lamination
of another member with respect to a surface of
the multi-layer metal plate which is opposite to
the reinforcing layer; and

then, a step of at least peeling the reinforcing
layer.

A method of manufacturing a multi-layer wiring
board according to claim 10 or 11, characterized
in that the reinforcing layer is made from a heat re-
sistant film to which a peeling layer is provided.

A method of manufacturing a multi-layer wiring
board according to claim 12, characterized in that
the heat resistant film is made of a polyphenylene
sulfide resin, a polyetherimide resin, a liquid crystal
polymer film, or a polyether etherketone resin.

A metal board for forming a wiring board, which has
a three-layer structure and in which a metal bump
for interlayer connection is formed on one surface,
characterized in that

a peeling layer and a heat resistant film are lam-
inated in advance on a surface which is oppo-
site to the one surface and which later becomes
a wiring film.

A method of manufacturing a multi-layer wiring
board in which, on one main surface of a multi-layer
metal plate in which a plurality of metal bumps each
having a longitudinal cross sectional shape such as
a cone shape or a trapezoid shape are arranged in
predetermined positions on the one main surface,
at least an insulating layer which is made of a syn-
thetic resin and composed of an interlayer insulat-
ing film having a thickness smaller than the height
of the bumps is covered so as to follow the shapes
of the respective metal bumps, and the one main
surface of the metal plate is polished so that a por-
tion of the insulating layer which covers the bumps
is removed to expose upper surfaces of the bumps,
characterized in that
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the polishing is conducted by placing the metal
plate such that the one main surface faces up-
ward, moving a cutter having a large width rel-
atively to the metal plate in parallel to the main
surface to thereby cut the top surfaces of the
respective bumps with the cutter such that they
lie on the same plane as the surface of the in-
sulating layer.

A method of manufacturing a multi-layer wiring
board according to claim 15, characterized in that
the cutter having a large width is moved in a direc-
tion parallel to the metal plate while applying low
frequency vibration or ultrasonic vibration in a direc-
tion perpendicular to the main surface.

A polishing machine for a multi-layer wiring board,
characterized by comprising:

a metal plate holding means for holding a metal
plate, in which a plurality of bumps each having
a longitudinal cross sectional shape such as a
cone shape or a trapezoid shape are arranged
in predetermined positions of its one main sur-
face and at least an insulating layer which is
made of a synthetic resin and composed of an
interlayer insulating film having a thickness
smaller than the thickness of the bumps is cov-
ered on the one main surface so as to follow
the shapes of the respective bumps, in a state
that the one main surface faces upward;

a cutter holding means for holding a cutter hav-
ing a large width above the metal plate;

a height adjustment mechanism for adjusting
the height of the cutter holding means relative
to the metal plate; and

a cutter parallel moving mechanism for relative-
ly moving the cutter holding means in parallel
to the surface of the metal plate.

A method of manufacturing a multi-layer wiring
board in which, on one main surface of a metal plate
in which a plurality of bumps each having a longitu-
dinal cross sectional shape such as a cone shape
or a trapezoid shape are arranged in predetermined
positions on the one main surfaces, at least an in-
sulating layer which is made of a synthetic resin and
composed of an interlayer insulating film having a
thickness smaller than the thickness of the bumps
is covered so as to follow the shapes of the respec-
tive metal bumps, and in which the one surface of
the metal plate is polished so that a portion of the
insulating layer which covers the bumps is removed
so as to expose upper surfaces of the bumps, char-
acterized in that

the polishing is conducted by passing the metal
plate for pressing between a polishing roller in
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which a polishing material is sintered on its pe-
ripheral surface and a backup roller such that
the one main surface comes into contact with
the polishing roller, and cutting the top surfaces
of the respective bumps with the polishing roller
such that they lie on the same plane as the sur-
face of the insulating layer.

A method of manufacturing a multi-layer wiring
board according to claim 18, characterized in that
polishing conducted by passing a multi-layer metal
plate between a polishing roller and a backup roller
is conducted plural times such that the degree of
finish is gradually increased.

A polishing machine for a multi-layer wiring board,
characterized by comprising:

a polishing roller in which a polishing material
is sintered on its peripheral surface;

a roller rotating means for rotating the polishing
roller;

a backup roller;

a means for pressing the backup roller onto the
polishing roller;

and a carrying means for carrying a metal plate
between the polishing roller and the backup
roller.

A polishing machine for a multi-layer wiring board
which comprises a plurality of metal plate polishing
portions each including at least: a polishing roller in
which a polishing material is sintered on its periph-
eral surface; a roller rotating means for rotating the
polishing roller; a backup roller; a pressing means
for pressing the backup roller onto the polishing roll-
er; and a carrying means for carrying a metal plate
between the polishing roller and the backup roller,
characterized in that the roughnesses of the pol-
ishing materials of the polishing rollers in the re-
spective metal plate polishing portions are made
different from each other.

A method of manufacturing a multi-layer wiring
board in which, on one main surface of a multi-layer
metal plate in which a plurality of metal bumps each
having a longitudinal cross sectional shape such as
a cone shape or a trapezoid shape are arranged in
predetermined positions of the one main surface, at
least an insulating layer which is made of a synthetic
resin and composed of an interlayer insulating film
having a thickness smaller than the thickness of the
bumps is covered so as to follow the shapes of the
respective metal bumps, and in which the one main
surface of the metal plate is polished so that a por-
tion of the insulating layer which covers the bumps
is removed to expose upper surfaces of the bumps,
characterized in that
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the polishing is conducted by rotating a cutter
roller in which cutters each having a large width
are provided on its peripheral surface such that
cutting edges thereof protrude toward a rota-
tional direction side and are rotated, and mov-
ing the cutter roller in parallel to the surface of
the metal plate while cutting the top surfaces of
the respective bumps with the wide cutters of
the rotated cutter roller such that they lie on the
same plane as the surface of the insulating lay-
er.

A polishing machine for a multi-layer wiring board,
characterized by comprising:

a metal plate holding means for holding a metal
plate, in which a plurality of bumps each having
a longitudinal cross sectional shape such as a
cone shape or a trapezoid shape are arranged
in predetermined positions of its one main sur-
face and at least an insulating layer that is
made of a synthetic resin and composed of an
interlayer insulating film having a thickness
smaller than the thickness of the bumps is cov-
ered on the one main surface so as to follow
the shapes of the respective metal bumps, in a
state where the one main surface faces up-
ward;

a cutter roller holding means for rotatably hold-
ing, above the metal plate, a cutter roller in
which cutters each having a large width are pro-
vided on its peripheral surface such that cutting
edges thereof protrude toward a rotation direc-
tion side;

a rotation drive means for rotating the cutter
roller;

a height adjustment mechanism for adjusting
the height of the cutter roller holding means rel-
ative to the multi-layer metal plate; and

a cutter roller parallel moving mechanism for
relatively moving the cutter roller holding
means in parallel to the surface of the metal
plate.

A multi-layer wiring film forming board in which, on
an interlayer insulating layer and a top surface of a
bump of one wiring film forming board in which the
bump for interconnecting upper and lower wirings
and made of metal is integrally formed on a metal
layer and the interlayer insulating film is formed in
a portion in which the bump is not formed on the
metal layer, a metal layer or another wiring film
forming board is laminated, characterized in that
Vickers hardnesses of the metal layer and the bump
are set to 80 to 150 Hv.

A method of manufacturing a multi-layer wiring
board in which, on an interlayer insulating layer and

10

15

20

25

30

35

40

45

50

55

24

EP 1377 145 A1

26.

27.

46

a top surface of a bump of one wiring film forming
board in which the bump for interconnecting upper
and lower wirings and made of metal is integrally
formed on a metal layer and the interlayer insulating
film is formed in a portion in which the bump is not
formed on the metal layer, a metal plate or another
wiring film forming board is laminated to electrically
connect the bump with the metal plate or a wiring
film of another wiring film forming board which is
made of metal to thereby manufacture a multi-layer
wiring board, characterized in that

before the lamination, blackening reduction
processing is performed for one or both of: a
top surface of a bump of the one wiring film
forming board; a surface of the metal plate or
the wiring film of another wiring film forming
board which is made of metal.

A method of manufacturing a multi-layer wiring
board in which, on an interlayer insulating layer and
a top surface of a bump of one wiring film forming
board in which the bump for interconnecting upper
and lower wirings and made of metal is integrally
formed on a metal layer and the interlayer insulating
film is formed in a portion in which the bump is not
formed on the metal layer, a metal layer or another
wiring film forming board is laminated, character-
ized in that

in the one wiring circuit forming board in which
upper and lower wirings interconnecting bumps
made of metal are integrally formed on a metal
layer, the formation of the interlayer insulating
layer in a portion of the metal layer in which the
bumps are not formed is performed by:

preparing an interlayer insulating layer in
which bump holes for engaging with the re-
spective bumps are formed in a portion cor-
responding to the upper and lower wirings
interconnecting bumps;

overlapping the interlayer insulating film on
the metal layer in a state that the respective
bump holes thereof are engaged with the
corresponding respective upper and lower
wirings interconnecting bumps; and
pressurizing a wiring forming metal layer
onto the interlayer insulating film.

A method of manufacturing a multi-layer wiring
board according to claim 26, characterized in that

the formation of the bump holes in the interlayer
insulating layer is performed by bringing the in-
terlayer insulating layer into contact with a
bump forming surface of a wiring film forming
board in which upper and lower wirings inter-
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connecting bumps are formed so that the inter-
layer insulating layer is penetrated by the upper
and lower wirings interconnecting bumps.

ing layer and upper surfaces of bumps of a wiring
film forming board in which the upper and lower wir-
ings interconnecting bumps made of metal are in-
tegrally formed on a metal layer and the interlayer

28. A method of manufacturing a multi-layer wiring 9% insulating layer is formed in a portion in which the
board according to claim 26, characterized in that bumps are not formed on the metal layer, charac-
terized by comprising
the formation of the bump holes in the interlayer
insulating layer is performed by selectively pen- polishing the wiring film forming board, in which
etrating the interlayer insulating layer by laser 70 the interlayer insulating layer is formed by lam-
light irradiation using as a mask a mask body inating an insulating layer composing the inter-
having substantially the same pattern as the layer insulating layer on a surface of the metal
upper and lower wirings interconnecting bumps layer on which the upper and lower wirings in-
of the wiring film forming board. terconnecting bumps are formed, by passing it
15 between the polishing roller and the backup
29. A multi-layer wiring board characterized in that: roller before the metal layer or another wiring

circuit forming board is laminated.

on an interlayer insulating layer and upper sur-

faces of bumps of a board in which the upper

and lower wirings interconnecting bumps made 20

of metal are integrally formed on a metal layer

and the interlayer insulating layer is formed in

a portion in which the bumps are not formed on

the metal layer, a metal plate in which extension

bumps are formed in positions corresponding 25

to the respective upper and lower wirings inter-

connecting bumps is laminated such that the

respective bumps are electrically connected

with the respective upper and lower wirings in-

terconnecting bumps corresponding thereto; 30

and

an interlayer insulating layer is formed in a por-

tion of the metal plate in which the extension

bumps are not formed.

35
30. A method of manufacturing a multi-layer wiring
board, characterized by comprising:

a step of laminating a metal plate on an inter-
layer insulating layer and upper surfaces of up- 40
per and lower wirings interconnecting bumps of
a board in which the upper and lower wirings
interconnecting bumps made of metal are inte-
grally formed on a metal layer and the interlayer
insulating layer is formed in a portion in which 45
the bumps are not formed on the metal layer;
a step of selectively etching the metal plate to
form extension bumps connected with the re-
spective upper and lower wirings interconnect-
ing bumps in positions corresponding thereto; 50
and
a step of forming an interlayer insulating layer
in a portion of the metal plate in which the ex-
tension bumps are not formed.
55
31. A method of manufacturing a multi-layer wiring
board in which a metal layer or another wiring circuit
forming board is laminated on an interlayer insulat-

25
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The inventions of claims 1-7 relate to “a method for producing a
multilayer wiring board wherein bumps are formed by patterning a
bump-forming metal layer of a multilayer metal sheet where a wiring film
is formed on the bump-forming metal layer through an etching stop layer,
an insulating layer is formed on the bump-forming surface in such a way
that only the tops of the bumps are exposed from the insulating layer,
and then the bumps of the multilayer metal sheet are connected to the
wiring film of another multilayer metal sheet” and relate especially to
extremely narrowing the areas necessary for the connection between the
upper and lower wiring layers.

The inventions of claims 8, 9 relate to “a method for producing a
multilayer wiring board wherein basic wiring sheets including different
types of basic wiring sheets are stacked” and relate especially to
producing amultilayer wiring board having an arbitrary number of layers.

The inventions of claims 10-14 relate to “a method for producing a
multilayer wiring board in which a reinforcing layer is formed on one
side of a multilayer metal sheet for producing a wiring board and a metal
sheet for producing a wiring board” and relate especially to continuous
protection of the surface of a metal layer for producing a wiring film.

The inventions of -claims 15-23 relate to “a method for polishing a
multilayer wiring board and a polisher” and relate especially to
enhancing the polishing efficiency.

The invention of claim 24 relate to “amultilayer wiring board in which
the Vickers hardnesses of a metal layer and a bump lie in the range from
80 to 150 Hv” and relate to obtaining satisfactory results of all the
HO test, solder heat resistance test, PCT, and migration test.

The invention of claim 25 relate to “a method for producing a
multilayer wiring board in which the top of a bump or the surface of
the wiring film formed on the top of the bump is subjected to a
blackening-reduction processing before stacking” and relate especially
to improving the initial conductivity and the adhesion to the insulating
resin.

The inventions of claims 26-28 relate to “a method for producing a
multilayer wiring board wherein the interlayer insulating layer has bump
holes which are provided in positions corresponding to the bumps for
connection between the upper and lower wirings and into which the bumps
are fitted” and relate especially to omitting the polishing step from
the production process so as to eliminate the danger that particles
produced by polishing may adhere to the product.

The inventions of claims 29, 30 relate to “a multilayer wiring board
having extension bumps on the tops of the bumps for connection between
the upper and lower wirings and a method for producing the same” and relate
especially to forming bumps higher than conventionals.

The invention of claim 31 relate to “a method for producing a
multilayer wiring board wherein the tops of the bumps are polished before
stacking” and relate especially to reduction of contact resistance and
to improvement of connectability.
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There is no technical relationship among those inventions involving
one or more of the same or corresponding special technical features,
and therefore these groups of inventions are not so linked as to form
a single general inventive concept.
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